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ABSTRACT

INFERRING WEST ANTARCTIC SUBGLACIAL BASIN HISTORY AND ICE STREAM
PROCESSES USING SILICEOUS MICROFOSSILS

Jason James Coenen, MS
Department of Geology and Environmental Geosciences
Northern Illinois University, 2016
Reed Scherer, Director

In January of 2013 and 2015 the WISSARD (Whillans Ice Stream Subglacial Access
Research Drilling) science team collected sediment cores from Subglacial Lake Whillans (SLW),
and the Whillans Grounding Zone (WGZ) which are both part of the Whillans Ice Stream (WIS)
in West Antarctica. These sediment cores along with sediment samples from the California
Institute of Technology (Caltech) Glaciology group, which include sediments from Kamb Ice
Stream (KIS) and Bindschadler Ice Stream (BIS) are compared with published
micropaleontological data from the WIS Upstream B camp (UpB), the Crary Ice Rise (CIR) and
the Ross Ice Shelf Project (RISP), using observations on preservation of microfossils in these
deposits. Diatoms and other microfossils provide biostratigraphic and paleoenvironmental
constraints on past marine deposition in West Antarctica interior basins, as well as inferences
regarding ice stream erosion, particulate provenance and glacial mixing.
Most subglacial samples contain a mixture of eroded diatoms that reflect initial
deposition throughout the Cenozoic. Pleistocene diatoms are widespread but never abundant,
reflecting erosion of marine sediments deposited in the West Antarctic marine basin during
Quaternary ice sheet retreat events. Geologic drilling near Ross Island (the ANDRILL McMurdo
Ice Shelf Project) provided abundant evidence for Pliocene and early Pleistocene retreat of the
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West Antarctic Ice Sheet, yet Pliocene diatoms are rare in sediments recovered from beneath
grounded ice, which suggests erosion of Pliocene deposits in the Ross Embayment. Miocene age
diatoms are dominant in subglacial and sub-ice shelf deposits, reflecting extensive Miocene
deposition in the basin prior to entering a dominantly glacial phase. Additionally, Paleogene
fossils, both marine and non-marine, occur widely, reflecting deeper erosion and providing
insights into earlier basin history.
SLW contains Upper Miocene fossils with a mix of younger and older taxa. These ages
and taxa are consistent with previously published results from samples recovered ~200 km
upstream from the UpB sites, suggesting a connection between the sites with little evidence of
new subglacial erosion of material. Diatom abundance is on average lower than UpB in samples,
suggesting sediments at SLW have experienced additional cumulative shearing and transport.
WGZ cores exhibit stratigraphic variation in microfossil abundance as well as a transition
in age dominance of taxa. Four lithostratigraphic units were observed in grounding zone cores,
but a fifth unit is recognized based on microfossil data. Unit I is thought to be rain out from the
base of the debris rich ice, which has a dominant Upper Miocene assemblage. Unit II is
described as subglacial and is dominated by long ranging taxa, with a mix of younger material.
Unit III is thought to be sub-ice shelf, which is consistent with diatomite microclasts (silt-sized
aggregates) and a radiolarian that has a Late Pleistocene diatom assemblage. Unit IV is described
as subglacial, based on the lithostratigraphy, however, microfossils are well-preserved, allowing
definition of subunits, Unit IV-B and Unit IV-A. The stratigraphic variability at the grounding
zone indicates changes in sediment provenance, indicating a variable glaciological regime, which
suggesting a dynamic grounding line. Higher overall diatom abundance at WGZ indicates less
cumulative glacial shear strain within the sediments than in SLW and UpB tills.

KIS is one of the ice streams on the Siple Coast that has been shut down for the last 150
years. Most KIS sediments contain Upper Miocene fossils that are relatively unmixed and wellpreserved, containing an order to two orders of magnitude higher diatom abundance than for all
WIS samples. An exception is one sample from the KIS sticky spot (SS) that has low abundance
and poor preservation indicating high cumulative shear strain. The unmixed Upper Miocene
assemblage and preservation of the rest of these samples suggests close proximity to Miocene
source rocks at this site.
BIS is the northern-most active ice stream from this study in the Siple Coast area. These
deposits contain no microfossils younger than Oligocene, suggesting tectonic processes,
subglacial processes or change in source for this area. The age transition is also observed in other
microfossil groups, which likely indicates a different source of sediments for BIS. Paleogene
microfossils at this site are well preserved and relatively abundant.
Biostratigraphic characterization of the Ross Embayment using age-specific diatoms help
constrain basin scale productivity events that are linked to warm interglacial periods. Assessing
when these events happened and diatom fragmentation patterns from different subglacial
environments adds new insights into sediment-ice interactions and modern subglacial processes.
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CHAPTER 1

INTRODUCTION

West Antarctica

The West Antarctic Ice Sheet (WAIS) is the only remaining example of a large ice sheet
that is dominantly grounded below sea level. This configuration makes it inherently unstable, and
susceptible to rapid change, including collapse (Figure 1). With a potential collapse of the WAIS
resulting in a >3 meter rise in sea level, understanding how this area is affected by our changing
climate and mechanisms that control its collapse are of great importance to society (Bamber, 2009;
Hughes, 1977; Mercer, 1978; Bindschadler, 1991; Scherer et al., 1998). Prior studies using
microfossils have indicated a previous collapse of the ice sheet within the past million years based
on diatom data (Scherer, 1991; Scherer et al., 1998). These microfossils are useful tools to groundtruth reconstructions of past ice sheet configurations, as well as, modern glacial processes, which
is why microfossils in subglacial sediments are the primary focus of this study.
West Antarctica is largely characterized by a rift system that produced episodic crustal
extension since the Mesozoic (Behrendt and Cooper, 1991; Dalziel and Lawver, 2001; Licht et
al., 2005). Cretaceous-Cenozoic rifting resulted in the creation of alkaline basaltic rocks, which
is a result of down-faulting in the Ross Embayment that accelerated rift-shoulder uplift (Le
Masurier and Rex, 1991; Behrendt et al., 1991; Licht et al., 2005). As a result of mid-Cretaceous
to Cenozoic rifting, a small basin formed that contains up to 600 meters of sediments, including
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glacially transported Transantarctic Mountains sourced rocks and primary marine deposition
(Rooney et al., 1991; Scherer et al., 1998).
This rifting led to deposition of the marine component that is overlain by a meters thick
deformation till layer (Blankenship et al., 1987; Alley et al., 1986; Rooney et al., 1991) that
contains evidence of these deposits mixed from different ages, which is likely a result of glacial
influence (Scherer, 1991). Subglacial rocks in the rift include interbedded volcanic and
siliciclastic sedimentary units that eroded from the rift flanks (Licht et al., 2005; Rooney et al.,
1991) and diatom-rich sediment that accumulated in the basin (Scherer et al., 1998).

Previous ice stream studies

This study focuses on microfossils that are present in sediments from beneath ice streams
in West Antarctica. Recently, attention has been drawn to these features with a focus on their
impacts on ice sheet stability (Bennet, 2002). Ice streams are areas of fast flow within an ice
sheet and are typically about 50 km wide and 100’s of km long (Bennet, 2002). These features
are responsible for 90% of all ice and sediment that is discharged by the ice sheets in Antarctica
today (Bentley and Giovinetto, 1991; Bamber et al., 2000). Ice Streams have fluctuations in
velocity as a result of basal meltwater availability (Willis, 1995) and the physical conditions at
the base of the ice.
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Figure 1: Antarctica below sea level made using GeoMapApp (www.geomapapp.org; Ryan et al., 2009).
Lighter colors associated with portions of Antarctica that are below sea level. East and West Antarctica
are shown on this map.
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To date there have been drilling expeditions on three of the six ice streams from the
Siple/Gould Coast (Figure 2). Whillans Ice Stream (WIS) has a typical flow velocity of about
400 m/year and is slowly declining, whereas the Kamb Ice Stream (KIS) stopped flowing about
150 years ago +/– 30 years (Anandakrishnan et al., 2002; Whillans et al, 1987; 2001).
Bindschadler Ice Stream (BIS) has a similar flow velocity to WIS and is currently active (Kamb,
2001). One of the big questions in this study is whether we can relate diatom and other
microfossil data to some of these physical constraints, and how much ice motion affects
sediments below, which should be evident in their microfossil content and preservation. Are
active ice stream deposits such as WIS and BIS comparable when considering microfossil
content and the preservation? How does microfossil content change in relation to some of the
features in this area such as subglacial lakes, grounding zones, and sticky spots and is the signal
similar to or different from active ice stream deposits? Here I employ diatom biostratigraphic age
dating and quantitative assessment of diatom fragment abundance to address these and other
more site specific questions.
Subglacial erosion and transport

How are diatoms affected by subglacial erosion and transport? Large scale subglacial
erosion is done by two main processes known as abrasion and quarrying. Abrasion is the
grinding away or scouring of bedrock below by friction (Benn and Evans, 2010). When
considering marine diatom frustules part of soft sediments the process would likely result in
fragmentation of diatom frustules as illustrated by Scherer and others (2004; 2005) in lab
experiments. The other main source of subglacial erosion is quarrying which involves the
fracture of large materials (greater than 1cm) from bedrock (or sediments) below (Benn and
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Figure 2: Map of the six major ice streams in West Antarctica. White dots indicate past drilling sites that
were either analyzed as a part of this study or past studies. MODIS satellite image (Scambos et al., 2007)
was used to create this figure using GeoMapApp. Ice Streams are Mercer Ice Stream (MIS), van der Veen
Ice Stream (VIS), Whillans Ice Stream (WIS), Kamb Ice Stream (KIS), Bindschadler Ice Stream (BIS),
and MacAyeal Ice Stream (MAIS). Features part of WIS are Subglacial Lake Whillans (SLW) and
Whillans Ice Plain (WIP). Ice Ridges are Engelhardt Ice Ridge (EIR), Raymond Ice Ridge (RIR),
Shabtaie Ice Ridge (SIR), and the Siple Dome (SD). Sub-ice shelf deposits also used in this study are
Ross Ice Shelf Project (RISP), Crary Ice Rise (CIR), and the Whillans Grounding Zone (WGZ). The other
notable feature outlined in the upper right corner is the Transantarctic Mountains (TAM), which separate
East and West Antarctica. Site location GPS locations used to make this map are found in APPENDIX A.
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Evans, 2010). Quarrying can result in incorporation of material into the basal ice, resulting in
englacial transport of these sediments. If diatoms are incorporated at the base of the ice near the
sediment ice interface, subglacial processes will likely grind the diatoms down to small
fragments. However, if diatom frustules are incorporated in the base of the ice above this region
there is a high chance of preservation and the potential for long distance transport and eventual
re-deposition by melting. Overall, the process of glacial erosion, and deformation reduces
abundances of diatoms in subglacial sediments.
Diatoms and other fine sediments would likely end up in basal debris as a result of
regelation. Regelation occurs at the base of the ice as a result of melting under pressure and
depending on the thermal regime shortly after ice will be frozen on when pressure is reduced
(Benn and Evans, 2010). It is easy to imagine a scenario where diatoms could be incorporated
given the small size of a diatom frustule, which makes it more likely to stay suspended for either
transport in basal water systems or frozen into basal ice.
Till deformation models

In the past few decades a significant body of research has focused on characterizing the
tills located beneath the ice in the Siple Coast region and around the world. Understanding the
till and how its deformation relates to ice stream processes is important for understanding the
history of the West Antarctic Ice Sheet. Starting in 1957, Weertman inferred that these were fastflowing glaciers sliding across a crystalline bedrock. Later studies, especially with the addition
of tills from drilling expeditions in areas such as WIS UpB revealed there could be influence of
shear on the weak tills located below the ice in subglacial environments (Alley et al., 1986, 1987;
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Boulton and Hindmarsh, 1987). Currently there are two models for tills in these fast moving ice
streams.
The viscous till model was developed by Boulton and Hindmarsh (1987). In this model it
is thought that ice stream velocity is controlled by a few factors such as gravitational stress, till
thickness and viscosity (Tulaczyk et al., 2001a; Boulton and Hindmarsh, 1987). Additionally, it
is suggested that gravitational shear is balanced by basal shear stress (Alley et al., 1986; 1987).
This balance happens as a result of viscous till deforming in subglacial environments (Alley et
al., 1986; 1987). Microfossil content would vary as a result of this process. If a theoretical
sediment core was taken closer to a source rock of a specific age there would be a higher
concentration of that age in the deposit. However, if a sediment core from just downstream of the
initial core was taken and the ice sheet is moving and eroding into different units the till would
mix and more-or-less equally fragment the material, resulting in a relatively homogenous
concentration of material that is resistant to shear away from the source.
As alternative to the viscous till model, Tulaczyk and others (2001b) suggested that
ploughing of till may be a significant driver in ice stream mechanics. In this model a layer of the
weak tills located below active streams is thought to represent a boundary layer existing between
ice and bumpy layers that exist in some areas of the base of these fast moving ice streams
(Tulaczyk, 2001b). A significant amount of data exists to support this model, at least for the
Siple Coast ice streams. Studies by Tulaczyk and others in multiple experiments revealed that
there was no strain rate dependence on tills. One of the other arguments against the viscous till
model is the microfossil content among other things in the UpB tills (Tulaczyk et al., 2001b).
Microfossil content (specifically diatom counts) in some cores from UpB tills show higher
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concentrations of microfossils at the top of the cores (Scherer et al., 1998 and Tulaczyk et al.,
2001b). These observations along with other till properties lead to the idea of till transport in the
upper few cm of the sediment column. This differs from previous models such as in the Alley
and others (1989) model which suggest pervasive till deformation throughout the deformation till
in a viscous till layer. Differences in water content and driving stresses could allow both
processes at different times and settings.
Diatom Fragmentation/Subglacial Processes

As previously mentioned, in subglacial environments diatoms can be used to infer
subglacial process (Scherer et al., 2004; 2005). To constrain subglacial processes based on
diatom fragmentation Scherer and others (2004; 2005) analyzed diatom fragmentation patterns,
under conditions deemed comparable to compaction and shearing in tills beneath an ice sheet
similar to the WAIS, using a ring-shear device (Scherer et al., 2004). This study focused mainly
on two settings; the first being a setting where compaction dominates with minimal shearing (to
simulate slow moving or non-moving glaciers; ie sticky spots, and Kamb Ice Stream (KIS)), and
a setting with high amounts of shearing on samples of diatomaceous muds (to simulate fast
moving glaciers and/or an area of high amounts of subglacial shear; ie active ice streams, UpB
and Bindschadler Ice Stream (BIS)) (Scherer et al., 2004; 2005). Subglacial Lake Whillans
(SLW) is part of the WIS, however, this site is part of the Whillans Ice Plain (WIP) which is
more likely to have less sediment-ice interaction than the previous sites. This study hopes to add
insight into how these processes affect subglacial lake deposits, and deposits at the ice stream
grounding zones (GZ).
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Laboratory studies using a ring shear device show in an area that has gone through high
amounts of subglacial shearing such as an active ice stream, have a higher ratio of centric
diatoms to pennate diatoms and this increases with shear, additionally, diatom fragment
abundances go down dramatically (Scherer et al., 2004; 2005). In the experiment, a shear zone
developed at 20mm depth, which shows significant loss of pennate diatoms, especially longer
and more gracile forms (Scherer et al., 2004; 2005). Areas of compaction are represented by a
loss of pore space, a reduction in diatom fragment abundances and a near equal fragmentation of
pennate and centric diatoms (Scherer et al., 2004; 2005). Overall this study found that the ratio of
centric to pennate diatoms and concentrations of diatom fragments can be a useful guide to infer
cumulative shear strain, thus, can provide some detail to past ice sheet models and subglacial
processes (Scherer et al., 2004; 2005). Initial centric:pennate ratios are unknown, but drill core
studies show that the ratio has been relatively consistent through the Neogene and Quaternary in
Antarctic continental shelf settings.
Observational studies such as the current the work described in this thesis will add data
and provide real world examples of the Scherer and others, (2004; 2005) laboratory studies.
There are two scenarios considered in the Scherer and others (2004; 2005) studies. One is a fast
moving ice stream with high amounts of shear and the other is a setting with compaction and
minimal shear. In this thesis, samples including diatoms from the KIS sticky spot are analyzed to
look at the changes in fragment abundances starting first at the sticky spot and moving away into
the slow moving ice stream branch deposits. New subglacial environments were also analyzed
such as a subglacial lake, and the grounding zone from the WIS. A final comparison will be
made between two active ice streams, the BIS and the WIS.
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Microfossils from past subglacial studies

Previous studies from this area using diatoms have helped with understanding the basin
history as well as allowing for the interpretation of modern subglacial processes. Specifically the
RISP, CIR, and UpB were important resources as well as the numerous drilling projects that
have taken place around Antarctica, to develop an age model to use for biostratigraphically
defining ages for these new sediments (e.g. Cody et al., 2007; Gersonde and Burckle, 1990;
Baldauf and Barron, 1991; Harwood and Maruyama, 1992, McCollum, 1975; Schrader, 1976).
Recent Antarctic drilling programs from IODP and ANDRILL as well as newer statistical
techniques have allowed improvements in Antarctic diatom biostratigraphic constraints, thus
better age control is possible today on glacially mixed sediments than when these earlier studies
were done.
Ross Ice Shelf Project (RISP)

RISP J-9 sediment core ages were debated since the initial collection of the cores from
1977-1979 (Harwood et al., 1989; Figure 2). Initial interpretation of these sediments was a
middle Miocene age as a result of glacimarine deposition (Brady and Martin, 1979; Webb et al.,
1979). Kellogg and Kellogg (1986) suggested that the diatoms were a result of reworking
sediment from older deposits and incorporating them into younger Pleistocene age tills (Kellogg
and Kellogg, 1986). The problem with this interpretation was misidentification of younger
diatoms in the sediments which were highly fragmented (Harwood et al., 1989). Additionally,
Kellogg and Kellogg, (1986) based diatom biostratigraphy on the incomplete Deep Sea Drilling
Project Leg 28 core (McCollum, 1975).
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If sediments were deposited during the Pleistocene, incorporation of some young
microfossils would be expected (Harwood et al., 1989). Also, biogenic deposition in this area
would be expected as the Pliocene in Antarctica was warm and open marine conditions likely
existed during this time frame (Harwood et al., 1989; Naish et al., 2009). The goal of the
Harwood and others (1989) study was to reanalyze the sediments and try to better constrain age
ranges and modes of sediment deposition for this site.
Through reanalysis of the sediments three age specific Miocene diatom assemblages were
found. Two of these are from clasts while one assemblage is from the sediment matrix (Harwood
et al., 1989; Figure 3). A middle lower Miocene diatom assemblage was found in the clasts and
matrix samples, represented by Asteromphalus symmetricus, Cymatosira biharensis,
Raphidodiscus marylandicus, Rhizosolenia barboi, Stephanopyxis sp. C and Thalassiosira fraga
(Harwood et al., 1989). One clast contained an early middle Miocene assemblage represented by
Actinocyclus ehrenbergii, A. ingens, Denticulopsis lauta, D. maccollumii, Eucampia antarctica,
Nitzschia grossepunctata, and Nitzschia sp. 17 (Harwood, et al., 1989). Middle late Miocene age
diatoms represent the youngest event in diatom biostratigraphy and are represented by A.
ehrenbergii var. asteriscus, Denticulopsis hustedtii (Now D. simonsenii), Thalassiosira
oliverana (Harwood, et al., 1989).
Work done by Harwood and others, (1989) addresses the importance of understanding
what reworked diatoms tell us about deposit age. Another important aspect of this study is that
they addressed misidentification of diatoms that are not preserved enough to identify (Harwood,
et al., 1989). Three distinct productivity/ice free or minimal ice cover events were identified
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Figure 3: Marine diatom biostratigraphy from the RISP. A figure from Harwood and others, (1989).
Three distinct assemblages from the Miocene observed in RISP clasts and matrix.
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from this core. These data are evidence of at least 3 interglacial or warm periods through the
Miocene.
Crary Ice Rise (CIR)

Samples from the CIR were collected during the field season of 1987- 1988 (Scherer et
al., 1988; Figure 2). The CIR is a northwest trending dome that is an extension of the WIS into
the Ross Ice Shelf. When sediment was collected the ice in this area was stationary and the
grounding event that resulted in this stationary ice had likely taken place about 100 years before
present (Scherer et al., 1988). Similar to the RISP study, clasts of diatomite were found and
compared to the matrix assemblages. Diatomite clasts in these sediments are latest Miocene
based on diatom assemblage (Scherer et al., 1988). Diatoms used to tie down this age are
Thalassiosira torokina, T. oliverana var. A, T. sp. B, Eucampia antarctica and Denticulopsis
hustedtii (now D. simonsenii) (Scherer, et al., 1988). Another marker taxa in these sediments was
Denticulopsis delicata which was present, but at the time age constraints were not known (Reed
Scherer personal communication). The matrix is made up of diatoms that are more diverse but a
similar age to the reworked diatomite clasts however; there are some older Miocene diatoms
present in the matrix (Scherer et al., 1988).
Based on results of this study there is evidence of a warm interglacial/diatom productivity
in the late Miocene with some indication of older ice free events in the matrix sediments (Scherer
et al., 1988). The micropaleontological record in this area is similar to RISP with the lack of
Plio-Pleistocene aged diatoms. Therefore, this deposit can only be estimated as a post-late
Miocene aged deposit (Scherer et al., 1988; Figure 4). Younger sediments certainly would have
been deposited over both RISP and CIR sites, given known Post-Miocene WAIS retreat events
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(Scherer et al., 1998; Naish et al., 2009) indicating that glacial erosion has removed younger
source beds from these regions.
Whillans Ice Stream, UpB camp (UpB)

Scherer (1991) analyzed samples from the upstream portion of the WIS revealing
Quaternary and Tertiary aged microfossils (Figure 2). This study reported late Pleistocene
marine diatoms, which suggests a collapse of the WAIS after formation of ice sheet at the end of
the Miocene (Scherer, 1991). These data are another line of evidence for a dynamic past for the
WAIS rather than that of stability suggested previously (Kennett, 1977; Kennett and Barker,
1990). This deposit contains a high concentration of presumed Eocene non-marine diatoms such
as Aulacoseira italic var. A. and a diatom that has only been found in association with these lake
diatomites, Stephanodiscus (Mesodictyon?) sp. A. both of these non-marine diatoms represent
the potential for extensive lake deposits in this region. The Eocene was also represented by
calcareous marine microfossils, which more broadly were representative of the late Paleogene
(Scherer, 1991). Marine diatoms were observed from a range of ages from late Oligocene to
Pleistocene (Scherer, 1991; Figure 5). It was evident at this site that there was a large amount of
stratigraphic mixing under this active ice stream.
Scherer (1991) shows the potential for ice sheet collapse in the last interglacial and also
further illustrates the Late Miocene as another warm interglacial period as ice is thought to be
well established from global estimates at this time. The use of microfossils is important for
understanding subglacial processes and subglacial processes that might not be as noticeable in
macroscopic view. UpB has a significant amount of stratigraphic mixing ranging from Eocene
aged lacustrine diatoms to Pleistocene aged marine diatoms (Scherer, 1991).
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Figure 4: CIR marine diatom biostratigraphy. A figure after Scherer et al., 1988. Biostratigraphic age
ranges of the diatoms present in CIR sediments. Highlighted are the intervals in time represented by
assemblages present.
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In order to better understand basin history and modern subglacial processes this thesis
looks to do an exploratory study of the diatoms and microfossils present in subglacial samples
for diatoms to enhance the understanding of marine deposition and basin history in Antarctica.
Additionally, this study hopes to take lab analyses done by Scherer and others (2004; 2005) and
apply observations at these new sites to better develop diatom fragments in subglacial
environments as a useful tool to track ice sediment interaction.
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Figure 5: UpB marine diatom biostratigraphy. Reproduced from Scherer, 1991 showing a compilation of
age ranges from marine diatoms in UpB sediments.
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CHAPTER 2

METHODS: SILICEOUS MICROFOSSIL EXTRACTION FROM SUBGLACIAL SEDIMENT

In this section I discuss the extraction of siliceous microfossils from the sediments that I
obtained by various methods which will be discussed for biostratigraphic characterization and
fragment abundances for modern subglacial processes. These analyses were performed on SLW
[Chapter 3], WGZ [Chapter 4], KIS [Chapter 5] and BIS [Chapter 6]. This was done to compare
the sites and relate this new data to past studies in the region for a regional microfossil signal.
Smear Slides

Following standard diatom methods, smear slides were first created to document the
microfossil content. This involves taking a toothpick and swabbing a small amount of sediment
onto a coverslip, putting the slide on a warm plate to dry and creating a permanent slide using
Norland optical adhesive. This step of the process allows for the identification of diatom
assemblages, preservation, and relative abundances present in a particular unit being studied. For
lab purposes this is helpful for identifying potential contamination which helps guide the analysis
of the sediments processed through various methods, which is important for the analysis of
diatom poor samples, such as these ice stream and subglacial lake deposits. Moreover, to get an
unaltered view of the sample to guide further processing methods discussed in the next section.
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Strewn Samples

Following smear slide analysis, strewn, sieved and settled slides were made to provide a
qualitative (strewn and sieved) and quantitative (settled slides) assessment of assemblages.
Strewn slides involve taking 5 cc’s of sediment from different intervals and adding equal
parts deionized (DI) water and 30% H2O2 to clean the samples of organic material and help
disperse sediments. This suspension is then mixed and left covered to settle for at least an hour.
The sample is mixed like this for three or four separate intervals and left overnight. The next
morning the sample is mixed again and then in 20 minutes at the boundary between the two
layers present in the mixture 3 ml of sample is pipetted onto a cover slide and then put onto a
warm hot plate. A permanent slide is then made using Norland optical adhesive, and analyzed in
light microscope at high magnification.
Sieved Samples

After strewn slides are made, samples are then separated into coarse and fine intervals.
This separates the fines from the coarse sand and silts. The coarse-grained material is kept for
sedimentological analyses and the fine suspension material is sieved at 25 and 10 micron
intervals. This separates the microfossils and fragments that are present in the samples, and
concentrates the microfossils, which is important for analysis of diatom poor samples. This
process also removes clays, and fine silt grains which aids in diatom identification. Though this
process helps analysis it is important to state that this creates a serious bias as a significant
number of pennate diatoms could be lost as a result of this process due to their size and shape. As
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a result of subglacial processes interacting with these samples the highest concentrations of
fragments with the potential for identification are found in the 10 micron sieve.
Quantitative samples

A quantitative approach was used on these samples following the methods of Warnock
and Scherer, (2015), which is an update on the widely used method of Scherer, (1994). In the
previously mentioned studies whole diatom counts are done to reach a quantitative number for
diatom assemblage. In my approach I use the method to get an equal distribution but I count
diatom fragments present in four different size ranges (1-3.99 microns, 4-6 microns, 6 microns or
greater, and whole diatoms frustules), as well as, other siliceous microfossils present in the
samples. This is done to compare the modern subglacial processes that are mechanically
fragmenting diatoms through erosion and transport processes. Which helps understand till
properties. Due to the low concentrations of whole diatoms, the method needed to be applied to
fragments, as previously done by Scherer, et al., (1998).
Qualitative samples

A qualitative approach was used on these samples to understand basin history and age
distribution of diatoms. Diatom age distributions are compared to total age ranges from a number
of studies around Antarctica to come up with the best representation of initial deposition. After
diatoms were split into respective age groups percentages of diatoms were calculated to look at
the abundances from each of these times.
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Light Microscopy (LM)

All previously described methods were done using LM. Microscope analysis was done
using a Leica DMLB and a Leica DMR which are both equipped with Leica MC170HD cameras
for high quality imaging. Images were taken, processed and analyzed using the Leica software
LAS EZ.
Scanning Electron Microscopy (SEM)

Samples were analyzed at NIU using the in house JEOL-JSM-5610LV Environmental
Scanning Electron Microscope (SEM). Some samples were also taken to Argonne National
Laboratory for the use of their SEM for higher quality images. These samples were analyzed in
the FEI Quanta 400F. SEM analysis was used for specimen identification and to assess amount
of mechanical degradation in samples. SEM analysis was limited to qualitative scans to help
characterize samples. The rarity of diatom fragments and the difficulty of finding specimens in
samples even after advanced extraction techniques made this a minor component of these
studies.
Heavy liquid floatation

Heavy floatation using sodium polytungstate was used to separate biogenic silica from
quartz and other grains. This process was used in unison with the sieving process. Specific
gravity of diatom silica is between 2.0 and 2.25 gm/cm3 (Callahan, 1987). Dilution of sodium
polytungstate to 2.5 gm/cm3 was used to separate diatoms and other low density biogenic silica
and sedimentary clasts. In 50ml centrifuge tubes, 25ml of sodium polytungstate was added. After
sieved residues were added to the sample to fill to 45 ml. Samples were then centrifuged for 5
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minutes at 2500 rpms. After samples were removed from the centrifuge a density layer is created
between the water and sodium polytungstate that contains biogenic silica. This layer was pipetted
onto microscope slides and SEM mounts for analysis. However, due to the paucity of whole to
half fragments of diatom frustules in the sediments this process didn’t work as well as initially
hoped. This process was very successful at concentrating sponge spicules, but was problematic
for diatom extraction.
Maps
As part of this thesis maps were created to show relationships between sites, specifically
subglacial topography. These maps were created using GeoMapApp (www.geomapapp.org),
BEDMAP (Scambos et al., 2007), Global Multi-Resolution Topography (Ryan et al., 2009) and
MODIS satellite imagery (Lythe et al., 2001).
Preservation

Preservation is referred to for all sites studied in this thesis. Three categories for diatom
preservation are defined (Table 1). Modifiers such as “very good” preservation refer to a higher
concentration of whole frustules, while modifiers such as “very poor” preservation refer to a
higher concentration of unidentifiable fragments. It is important to identify the preservation of
diatom frustules in these samples as associations can be made with different sub ice
environments. These observations are key in the understanding how modern processes are
altering diatoms from different ages in each sample.
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Table 1: Preservation Index Used for the Diatom Fragments from the Siple Coast.

Diatom preservation key Preservation definition
Good Whole frustules down to preserved halves of
diatom frustules
Moderate Identifying the species from half of a diatom
frustule fragment down to 6 micron
fragments.
Poor Fragments that are less than 6 microns, which
generally cannot be identified or can be
identified to the genus level.
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CHAPTER 3

WISSARD: SUBGLACIAL LAKE WHILLANS (SLW)

In 2013 the Whillans Ice Stream Subglacial Access Research Drilling (WISSARD)
research group recovered sediment cores from Subglacial Lake Whillans (SLW) for
multidisciplinary study (Figure 2; 6). SLW is an active lake that is part of the WIS and is an area
where water pools up and episodically released to the grounding zone of the Ross Ice Shelf
(Fricker et al, 2008; Christianson et al., 2012). This lake is also part of one of two ice plains that
exist in the modern Siple Coast system (Catania et al., 2012). An ice plain is a region where ice
gradually decouples from the sediments (over long distances), which results in a reduction drag
at the base (Alley et al., 1989; Bindschadler et al., 1987). This lake differs from other subglacial
lakes such as Lake Vostok, in water residency times and other subglacial controls (Bell et al.,
2002). Studying this sediment is providing some of the first micropaleontological investigations
of subglacial lakes. The expectation of the team was to find and study some lake sediment that
might be preserved in the top few centimeters of the core.
Upon first analysis of the SLW cores, visually there is little observable stratigraphic
variation. X-ray fluorescence (XRF) scanner found little down core variation in geochemical
tracers (Powell et al, 2014). The only notable difference lies within the upper 30 centimeters of
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Figure 6: Location map of WISSARD 2013 camp. Location of drilling site for Subglacial Lake Whillans
cores (black dot). Made using GeoMapApp and data from BEDMAP (Lythe et al., 2001) and MODIS
(Scambos et al., 2007).
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sediment, which is softer and more water-rich than the underlying sediments (Hodson et al.,
2016).
Micropaleontological evidence from UpB studies have revealed that subglacial deposits
have stratigraphically mixed materials that can reveal information about the past environments
and conditions of the WAIS (Scherer, 1991; Scherer et al., 1998; Tulaczyk et al., 1998). An
important objective of this thesis is to provide additional data on how microfossils can add to the
understanding of active ice stream and subglacial lake deposits, as well as provide the first look
at microfossils preserved in SLW sediments. This is done by analyzing samples down core to
observe changes in microfossil content as well as assess connections that could exist along the
Whillans Ice Stream, from UpB to SLW and SLW to WGZ (Chapter 4). Additionally, as diatoms
have proven useful tracers in the past there is a hope to analyze any microstratigraphy not
observed in texture of the sediments, mineralogical investigations, and geochemical tracers.

Results

SLW diatom abundance is much lower than UpB, RISP, and CIR. Although the results
primarily focus on diatoms, other microfossils were analyzed, including sponge spicules,
silicoflagellates, and other siliceous microfossils. Pollen and marine dinocysts are also present
but these groups are being analyzed by WISSARD’s palynologist collaborator Sophie Warny
(Louisiana State University).
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Diatom Fragment abundance

Overall diatom fragment abundances range down core from SLW-Multicore 1B (SLWMC1B) are in the millions of fragments per gram of dried sediment (Figure 7). Replicate counts
on six samples were used to create standard error bars for the chart in figure 7. Additionally,
counts were done at different depths from two multicores, a percussion core, and piston core
samples. Diatom fragment per gram measurements (APPENDIX C) were done on 3 size classes
of diatom fragments; additionally a whole diatom category for whole frustules present in the
sediments was used. SLW-MC1B has fragment abundances that range from 1.1*106 to 1.30*107
(Figure 7; APPENDIX C). Core tops seem to have the highest concentration of fragments. There
is a reduction of fragments from 5 cm down core to 10 cm down core, consistent with results
from Scherer and others (1998) study on UpB sediments. After this reduction fragment
abundances increase and seem to vary only slightly to the bottom of the sediment core.

Figure 7: Diatom fragment per gram abundances down core for SLW-MC1B. Error bars are standard
error from replicate counts.
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Species distribution

As with fragment counts, no significant differences were noted down core in marine
diatom assemblages observed in SLW cores. As a result of these cores being very poor in whole
diatoms and diatom fragment abundances, cumulative counts were done for all samples and
combined for Table 2 (i.e. counts include a cumulative abundances of all diatomaceous particles
greater than 6 microns in size). Marine diatoms from the Pliocene and Pleistocene are present but
very rare, and are represented by taxa such as Fragilariopsis curta, F. kerguelensis,
Thalassiosira antarctica, and Porosira pseudodenticulata. Long ranging species such as
Stellarima microtrias, Stephanopyxis turris, Rhizoselenia spp. and Paralia sulcata are consistent
down core (Figure 8 and 9). These taxa are the most abundant in subglacial samples, which is
largely a function of the fact that they are robust and heavily silicified (Scherer et al., 2004). This
is problematic for biostratigraphic characterization but utilizing their signature as a taphonomic
indicator might be useful for paleontological interpretations. Oligocene aged diatoms present in a
few down core samples include Pyxilla sp. cf. reticulata and Pseudotriceratium
radiosoreticulatum (Figure 8 and 9). Two examples of a non-marine diatom, Stephanodiscus
(Mesodictyon?) sp. A, which was originally reported by Scherer (1991) from Upstream in the
Whillans Ice Stream, which represents a terrestrial component of the assemblages that is likely
Eocene in age (Figure 10). The importance of this non-marine diatom will be discussed in the
next section. Other diatoms consistently present at SLW include Thalassiosira oliverana var.
sparsa, Denticulopsis simonsenii, Eucampia antarctica, and Actinocyclus octonarius which help
define an upper Miocene dominant component of SLW materials (Figure 8, 9, and 11).
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Figure 8: Paleogene to recent diatoms from SLW (Plate 1). All samples at 1000x except for 9, which is
400x. Scale bar is 10 µm at the bottom center for 1000x and scale bar by 2b is 10 µm at 40x. 1,2,6.
Stephanopyxis sp. 3,9. Actinocyclus sp. A. 4. Denticulopsis delicata (SLW-MC1B-10-11cm). 5.
Fragilariopsis praecurta fragment (SLW-MC1B-10-11cm). 7. Rhizosolenia fragment. 8,15. Eucampia
antarctica (SLW-MC1B-1-3cm; SLW-MC3A-0-3cm). 10. Fragilariopsis kerguelensis (SLW-MC1B39.5-40cm). 11,17. Pyxilla reticulata (SLW-MC3A-0-3cm; SLW-MC1B-10-11cm). 12. Actinocyclus sp.
A (of Scherer, 1991) fragment (SLW-PC-1-80cm). 13. Denticulopsis simonsenii (SLW-MC3A-0-3cm).
14. Actinocyclus octonarius (SLW-MC3A-16.5-20cm). 16,20. Actinocyclus octonarius group (SLWMC1B-25-26cm, SLW-MC1B-20-21cm). 18. Actinocyclus sp. A (of Scherer, 1991) (SLW-PEC1-3540cm). 19. Paralia sp. (SLW-PEC1-35-40cm). 21. Thalassionema nitzschioides var. parva (SLWMC2A scrapings; Heavy liquid float). 22. Paralia sulcata (SLW-MC2A scrapings; Heavy liquid float).
23 a-d. Porosira pseudodenticulata (SLW-PC1-80cm).
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Figure 9: Paleogene to recent marine diatoms from SLW (Plate 2). All samples at 1000x with a scale in
the bottom right, which represents 10 µm. 1 a,b. Thalassiosira oliverana var. sparsa fragment (SLWMC1B-2-3cm; SLW-MC1B-39.5-40cm). 2. Stellarima microtrias (SLW-MC1B-2-3cm). 3. Trinacria
excavata (SLW-MC1B-25-26cm). 4 a,b. Thalassiosira torokina (SLW-MC1B-25-26cm; SLW-MC1B 2021cm). 5, 10. Paralia sulcata (SLW-MC1B-2-3cm). 6. Actinocyclus octonarius (SLW-MC1B-10-11cm).
7. Pseudotriceratium radiosoreticulatum (SLW-MC1B-2-3cm). 8. Stephanopyxis turris (SLW-MC1B-3234cm). 9. Coscinodiscus sp. (SLW-MC1B-32-34cm). 11. Denticulopsis simonsenii (SLW-MC1B-2-3cm).
12. Rhizosolenia sp. fragment (SLW-MC1B-2-3cm). 13 a-d. cf. Thalassiosira antarctica fragment (SLWPC1-80cm).
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Figure 10: Paleogene to Neogene other siliceous microfossils from SLW. All samples at 1000x the scale
bar in the bottom left represents 10 µm. 1 a-d. Dictyocha deflandrei (SLW-MC1B-10-11cm). 2 a,b.
Pseudammodochium sp. cf. P. dictyoides (SLW-MC1B-2-3cm) 3 a,b. Ammonodochium sp. (SLWMC1B-20-21cm). 4 a,b. Silicoflagellate fragment (SLW-MC1B-39.5-40). 5 a-e. Chrysophyte cysts
(SLW-MC1B-10-11cm;25-26cm;32-34cm;39.5cm). 6 a,b. Stephanodiscus? (Mesodictyon) (Bulk
sediment from SLW-MC2A). 7 a,b. Ammonodochium rectagulare (SLW-MC1B-32-34cm).
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Table 2: Diatom and Other Siliceous Microfossil Species List and Cumulative Abundances from SLW,
Excluding Sponge Spicules (see APPENDIX D for count data).

Subglacial Lake Whillans
Marine Diatoms Cumulative abundance
Actinocyclus sp. (octonarius/fryxellae group)
A. octonarius
Chaetoceros spore
Coscinodiscus sp.
Denticulopsis delicata
D. simonseni
Eucampia antarctica
Fragilariopsis curta
F. kerguelensis
Paralia sulcata
Porosira pseudodenticulata
Pyxilla sp. (cf. reticulata)
Pseudotriceratium radiosoreticulatum
Rhizoselenia sp.
Stellarima microtrias
Stephanopyxis turris
Stephanopyxis sp.
Thalassiosira sp.
Thalassiosira oliverana var. sparsa
Thalassiosira torokina
Trinacria excavata
Trinacria sp.
Other Siliceous Microfossils Cumulative abundance
Ebridian
Radiolarian fragments
Silicoflagellate fragments
Non Marine Diatoms Cumulative abundance
Stephanodiscus (Mesodictyon?)Sp.A

53
34
12
6
9
12
6
1
1
43
1
17
1
11
147
2
34
28
38
2
2
2
2
22
4
2
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Figure 11: Biostratigraphic age ranges represented by the marine diatoms in SLW sediments. Highlighted
areas represent potential for assemblage age.
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Distribution of species down core is noted by mostly fragments of diatom frustules
making identification past the genus level difficult. There are some instances where the center
and/or half of the diatom frustule is preserved allowing for some of the species level assignments
listed earlier. Primarily the best preservation of diatom frustules exists in smaller frustules or
long ranging heavily silicified species such as Stellarima microtrias (Figure 8 and 9),
Stephanopyxis sp. (Figure 8), Stephanopyxis turris (Figure 9) and Paralia sulcata (Figure 8 and
9).
Overall SLW has a dominant component of long ranging taxa which make up about 53%
of the total assemblage (Figure 12). Preservation of these frustules ranges from whole frustules
to fragments, therefore, there is an overall good preservation index for this group. Age specific
taxa such as diatoms from the late Miocene make up about 43% of the total assemblage (Figure
12). These taxa include Thalassiosira oliverana var. sparsa (Figure 9), Actinocyclus octonarius
(Figure 8 and 9), Thalassiosira torokina (Figure 9), Denticulopsis simonsenii (Figure 8 and 9),
D. delicata (Figure 8), and Fragilariopsis praecurta (Figure 8). Rarely are there whole frustules
preserved from this age. Overall the late Miocene component is composed of half frustules down
to about 6 microns before ID becomes unobtainable (moderate to poor preservation of frustules).
Lastly there are trace examples from the Plio-Pleistocene at about 0.5% of the assemblage and
the Oligocene makes up about 3.5% of the assemblage. The Plio-Pleistocene component of the
assemblage is characterized by small fragments that are very rare in the sediments. Thalassiosira
antarctica (Figure 9) is an extremely rare example from this range. The frustules from this age
range exhibit very poor preservation. The Oligocene component dominated by Pyxilla reticulata
(Figure 8) with trace examples of Pseudotriceratium radiosoreticulatum (Figure 9) has moderate
preservation but made up a small component of all the SLW samples.
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Figure 12: Pie charts of cumulative abundances of diatoms from different ages from the
Subglacial Lake Whillans. A. Represents the total assemblage at SLW (Appendix D). B.
Represents the assemblage omitting the long ranging taxa (Appendix D).

36

Other Siliceous microfossils present

In addition to diatoms other microfossils that are present include silicoflagellates,
ebridians, sponge spicules, and Chrysophyte cysts. Silicoflagellates and ebridians present
represent Oligocene marine conditions with Dictyocha deflandrei (silicoflagellate) and
Ammonodochium rectangulare (ebridian) (Figure 10). A Miocene age is represented by
Pseudammodochium dictyoides and Ps. lingii. Chrysophyte cysts and sponge spicules present in
the sediments are long ranging so age analysis was limited on these groups (Figure 10). Analysis
of sponge spicules is underway to analyze pitting structures observed on spicules and their
potential role in the subglacial microbial food web.
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CHAPTER 4

WISSARD: WHILLANS GROUNDING ZONE (WGZ)

Introduction

The Whillans Grounding Zone (WGZ) is part of the Whillans Ice Stream (WIS), and is
the area where the grounded WAIS starts to float and form the Ross Ice Shelf (Figure 13). In
January of 2015, the WISSARD science team drilled through ~740 meters of ice to access the
marine cavity of the WIS. Some of the major objectives for analyzing the sediments from this
location are making baseline observations of what is happening at this polar marine ending
glaciers grounding zone, understanding past fluctuations of the WGZ through down core
analysis, and relating any observed changes to how these features play into the stability of the
WAIS.

Figure 13: Location map of WISSARD 2015 camp with previous drilling seasons (SLW, and UpB).
Drilling site indicated by black dot. Made using GeoMapApp and data from BEDMAP and MODIS.
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After cores were split and analyzed at the University of Massachusetts-Amherst, four
lithostratigraphic units were described from WGZ-Gravity Core 1 (WGZ-GC1) (Hodson et al., in
prep). Unit I is from 1-4cm down core and likely represents rainout from the base of the ice sheet
(Hodson et al., in prep). Unit II represents subglacial deposition and is from 4 to 32cm down core
(Hodson et al., in prep). Unit III was observed from 32-47cm down core and represents sub-ice
shelf deposition (Hodson et al., in prep). Unit IV is from 47 to 86 cm and is likely a return to
subglacial conditions (Hodson et al., in prep).
Samples were taken from each lithostratigraphic unit from three different sediment cores
were analyzed for microfossil content. Diatoms will be used to better understand the provenance
story of the WIS and the Ross Embayment, as well as, provide evidence for grounding zone
fluctuations and modern subglacial processes.
Results

Diatom fragment abundance

Diatom fragment abundances were analyzed for three sediment cores: one multicore
(WGZ-MC5A) and two gravity cores (WGZ-GC1 and WGZ-GC4). Similar to UpB and SLW,
fragment abundances for WGZ are variable down core, however an order of magnitude increase
in fragment abundance and diatom preservation is observed ~63cm (WGZ-GC1) and ~45cm
(WGZ-GC4) down core in WGZ.
WGZ-multicore 5A (MC5A)

There is little variation in fragment abundances for multicore 5A (WGZ-MC5A), which
range from 3.27*106 (WGZ-MC5A-1-3cm) to 1.38*106 (WGZ-MC5A-24-25cm) at the bottom
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of the core (Figure 14). WGZ-MC5A 1-3cm falls into Unit I, which represents rainout of basal
ice debris. This will be discussed in a later section. The bottom of WGZ-MC5A (24-25cm) is
consistent with Unit II given its species distribution.
WGZ-gravity Core 1 (WGZ-GC1)

Gravity core (GC) samples show variability in a unit WISSARD sedimentologists have
called unit IV (Figure 15). Unit I has a diatom fragment abundance of 3.61*106 (Figure 15). Unit
II has a diatom fragment abundance of 8.22*106, which is on the higher end of what is typical of
subglacial deposits in the Ross Embayment (Figure 15). Unit III has lower diatom fragment
abundances that range from 2.80*106 to 2.52*106 (Figure 15). Unit IV has the highest diatom
fragment abundances of GC-1 and range in abundance from 1.73*107(GC-1-63-64cm) to
8.18*106 (GC-1-67-68cm) (Figure 15). However, this peak in fragment abundances falls back to
low levels in the same unit from 75cm (2.08*106) to the bottom of the core at 86cm
(1.71*106)(Figure 15).
WGZ-gravity core 4 (WGZ-GC4)

WGZ-GC4 has a similar peak in fragment abundances for unit IV however, the interval is
22 cm shallower than WGZ-GC1. Diatom fragment abundances for this interval range from
2.72*107 (WGZ-GC4-45-47cm) to 4.06*107(WGZ-GC4-47-49cm) (Figure 16). A sample from
unit III was analyzed from 10-14cm depth, and has a diatom fragment abundance of 1.67*106,
which is consistent with fragment abundances of WGZ-GC1 unit III (Figure 16).
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Figure 14: WGZ-MC5A fragment abundance and assemblage data. Plio-Pleistocene represented by dark
blue, Upper Miocene represented by red, Oligocene to middle Miocene represented by green, Paleocene
to Eocene represented by purple, and long ranging taxa represented by light blue. Lithostratigraphic
(Hodson et al., in prep) and microfossil units combined to show assemblage variability in units.
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Figure 15: WGZ-GC1 fragment abundance and assemblage data. Plio-Pleistocene represented by dark
blue, Upper Miocene represented by red, Oligocene to middle Miocene represented by green, Paleocene
to Eocene represented by purple, and long ranging taxa represented by light blue. Lithostratigraphic
(Hodson et al., in prep) and microfossil units combined to show assemblage variability in units.
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Figure 16: WGZ-GC4 fragment abundance and assemblage data. Plio-Pleistocene represented by dark
blue, Upper Miocene represented by red, Oligocene to middle Miocene represented by green, Paleocene
to Eocene represented by purple, and long ranging taxa represented by light blue. Lithostratigraphic
(Hodson et al., in prep) and microfossil units combined to show assemblage variability in units.
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Species distribution

Species distribution is summarized in Table 3, which outlines the major taxa, fragment
abundances, and characteristic features of each unit and this table identifies a split microfossil
evidence that splits Unit IV into Unit IV-A and Unit IV-B. This is used to generalize all cores
into one idealized sediment package. In the following sections each core and the units
represented in these cores will be described. Down core assemblage counts can be found in
APPENDIX E.
WGZ-MC5A

Unit I: Upper Miocene and long ranging taxa assemblage.

Samples from 2 units were analyzed from WGZ-MC5A, the first was Unit I, which is a
layer of recent rain-out debris (Hodson et al., in prep). WGZ-MC5A-1-3cm, primarily consists of
taxa that suggest a late Miocene age of initial deposition (Figure 14; Figure 17). The two taxa
that are common in this unit are Actinocyclus octonarius (Figure 18) and Thalassiosira torokina
(Figure 18), which both imply upper Miocene sediments (Figure 14). The upper Miocene
accounts for 56% of the assemblage, additionally, the Ebridians from this deposit also suggest an
upper Miocene component. The other 44% of the diatom assemblage consists of long ranging
taxa such as Paralia sulcata (Figure 18), Stephanopyxis spp. (Figure 18), and Stellarima
microtrias (Figure 14; 18).
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Table 3: Generalized Micropaleontological Units of the WGZ Sediments.
Unit

Diatom
fragment
abundance
range

Unit
I

3.27*1063.61*106

Upper Miocene
and long
ranging taxa

Unit
II

8.22*106

Long ranging
taxa

Unit
III

1.38*1062.8*106

Long ranging
taxa with PlioPleistocene and
Upper Miocene

Unit
IVA

2.18*1061.73*107

Long ranging
taxa with a mix
of MiocenePaleocene taxa

8.18*1064.06*107

RISP like
assemblage
(Oligocene to
Middle
Miocene) and
long ranging
taxa

1.71*1062.08*106

Long ranging
taxa with a mix
of MiocenePaleocene taxa

Unit
IVB

Unit
IVA

Dominant age
for unit

Comments

This unit is comprised of ~56% upper Miocene taxa and
~44% long ranging taxa. Taxa from both age specific and
long ranging groups were identified by whole and half
frustules, suggesting moderate preservation.
Long ranging taxa dominate this unit. Fragments were used
to identify most of the age specific and long ranging taxa
suggesting poor preservation for this unit, which fits with
the interpretation of this unit being subglacial till.
This unit is observed in all three sediment cores and is
dominantly long range taxa between ~54 and 82% of the
assemblage. Though clasts of Plio-Pleistocene diatoms are
observed throughout this unit. Also present in this unit is a
radiolarian that is filled with a modern diatom assemblage.
The upper Miocene is also represented in this unit and is
usually between 7 and 37% of the assemblage.
This unit is highly fragmented and is dominated by long
ranging taxa between 84 and 95% of the assemblage. The
unit shows an increase in fragment abundance till Unit IV
B. Additionally, whole frustules grade from primarily long
ranging taxa to Long ranging taxa and Oligocene to Middle
Miocene taxa.
An assemblage similar to the one observed at the RISP
makes up about 30% of the assemblage and dominates for
age specific taxa. Long ranging taxa range between 51 and
69% of the assemblage.

The assemblage for Unit IV C is highly fragmented and
dominated by long ranging taxa at about 90% of the
assemblage. The Paleocene and Eocene is represented by a
whole Pterotheca aculeifera. The low fragment
abundances and highly fragmented nature of the diatoms are
consistent with subglacial tills.
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Figure 17: Biostratigraphic age ranges represented by the marine diatoms in WGZ Unit I. Highlighted
areas represent potential assemblage age.
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Figure 18: Neogene to recent marine diatoms from WGZ Unit I. Samples at 630x the scale in the center
represents 10 microns. 1. Actinocyclus ingens (WGZ-GC1-1to4cm). 2, 5. Actinocyclus octonarius (WGZMC5A-1-3cm, WGZ-GC1-1-4cm). 3, 6. Paralia sulcata (WGZ-GC1-1-4cm, WGZ-MC5A-1-3cm). 4, 7.
Thalassiosira torokina (WGZ-GC1-1-4cm, WGZ-MC5A-1-3cm). 8. Stellarima microtrias (WGZ-GC1-14cm). Stephanopyxis spp. fragment (WGZ-GC1-1-4cm). 10.Thalassiosira oliverana var. sparsa (WGZGC1-1-4cm). 11. Pseudammodochium lingii (Ebridian) (WGZ-GC1-1-4cm). 12, 13. Hemiaulus
polymorphus (WGZ-GC1-1-4cm). 14. Eucampia antarctica (WGZ-GC1-1-4cm).
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Unit III: Presence of Plio-Pleistocene diatoms/dominant long ranging and Upper Miocene taxa

assemblage

Unit III, was also analyzed from WGZ-MC5A from 24-25cm (Figure 14). This sample
was dominantly long ranging taxa such as Paralia sulcata (Figure 20), Stephanopyxis spp.
(Figure 20), and Stellarima microtrias (Figure 20). Long ranging taxa account for 73% of the
total assemblage from this depth (Figure 14). The next most common representative age range is
Pliocene to Pleistocene, which makes up ~13% of the diatoms at this depth (Figure 14). A
majority of the diatoms from this age were found in diatomite microclasts (Figure 20), and
Radiolarian that had a modern assemblage of diatoms inside (Figure 21). Fragilariopsis
kerguelensis (Figure 20), Actinocyclus actinochilus (Figure 20), and Thalassiothrix spp. (Figure
20) are the taxa used for this time interval, which have an age range that is consistent with a
Pleistocene age assemblage (Figure 19). The upper Miocene component makes up ~8% of the
diatom assemblage at this unit (Figure 14), and was identified by the presence of Thalassiosira
oliverana var. sparsa (Figure 20), and Actinocyclus octonarius (Figure 20). Additionally, this
unit has a very minor component of Oligocene to middle Miocene age taxa such as Hemiaulus
polymorphous (Figure 19; Figure 20). However, this taxa has a range is present throughout the
Miocene therefore, this taxa could be counted as an upper Miocene taxa as well.
WGZ-GC1

WGZ-GC1 is the longest sediment core studied for this project. This sediment core was
split into 4 lithostratigraphic units (Hodson et al., in prep) and 5 units based on
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micropaleontology. Diatom assemblages change depending on the unit, which is consistent with
sedimentological observations.

Figure 19: Biostratigraphic age ranges represented by the marine diatoms in WGZ Unit III. Highlighted
areas represent potential assemblage age.
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Figure 20: Neogene to recent marine diatoms and diatomite clasts from WGZ Unit III. Samples at 630x
the scale in the center represents 10 microns. 1. Thalassiosira oliverana var. sparsa (WGZ-MC5A-2425cm). 2. Thalassiosira antarctica (WGZ-MC5A-24-25cm). 3 a, b. Diatomite microclast from WGZMC5A-24-25cm, which contains T. antarctica, and E. antarctica. 4. Coscinodiscus asteromphalus
(WGZ-GC1-33cm). 5 a, b. Diatomite microclast from WGZ-GC4-10-14cm, which is a Thalassiosira
lentiginosa, Fragilariopsis kerguelensis, and some Thalassiothrix and Thalassionema group spp. 6.
Eucampia antarctica (WGZ-GC4-10-14cm. 7. Fragilariopsis cylindrus (WGZ-GC1-40cm). 8. Paralia
sulcata (WGZ-MC5A-24-25cm). 9, 11. Hemiaulus polymorphus (WGZ-GC4-10-14cm, WGZ-MC5A-2425cm). 10. Actinocyclus octonarius (WGZ-GC4-10-14cm). 12. Actinocyclus actinochilus (WGZ-MC5A24-25cm). 13. Stellarima microtrias (WGZ-MC5A-24-25cm). 14. Actinoptychus senarius (WGZ-MC5A24-25cm). 15. Stephanopyxis turris (WGZ-GC1-40cm).

50

Figure 21: Radiolarian (from the family Trissocyclidae) from WGZ-MC5A-24-25cm filled with a modern
diatom assemblage (1-7). Scale bar represents 10 microns in each image. The modern diatom assemblage
includes Fragilariopsis kerguelensis, and Thalassionema and Thalassiothrix group species.
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Unit I: Upper Miocene and long ranging taxa assemblage

WGZ-GC1-1-4cm is consistent with the described assemblage of unit I from WGZMC5A. The dominant marine diatom assemblage for this unit is upper Miocene for ~48% of the
assemblage (Figure 15; Figure 17). Taxa present that were used to tie down this age are
Thalassiosira torokina (Figure 18), T. oliverana var. sparsa (Figure 18), T. oliverana, and
Actinocyclus octonarius (Figure 18). 47% of the assemblage (Figure 15) is long ranging taxa
such as Paralia sulcata (Figure 18), Stellarima microtrias (Figure 18), and Stephanopyxis spp.
(Figure 18). The remaining 5% of the diatom assemblage at this site is from the Oligocene to
Middle Miocene (Figure 15; Figure 17). Taxa represented from this interval of time are
Actinocyclus ingens (Figure 18), Hemiaulus polymorphous (Figure 18), and Pyxilla spp. (Figure
18).
Unit II: Upper Miocene-Oligocene mix and long ranging taxa

WGZ-GC1-24cm is dominantly long ranging taxa such as, Paralia sulcata (Figure 23),
Stellarima microtrias (Figure 23), and Stephanopyxis spp. (Figure 23), which makes up 80% of
the diatom assemblage (Figure 15; 22). The other 20% is a mix of Upper Miocene and Oligocene
to Middle Miocene taxa (Figure 15; 22), which is a 50-50 mix. Preservation is very poor in this
unit. Only long ranging taxa and Oligocene to Middle Miocene taxa had whole frustules
preserved.
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Figure 22: Biostratigraphic age ranges represented by the marine diatoms in WGZ Unit II. Highlighted
areas represent potential assemblage age.
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Figure 23: Neogene and Paleogene diatoms from WGZ Unit II. Samples at 630x the scale in the center
represents 10 microns. All marine diatoms are from WGZ-GC1-24cm. 1. Thalassiosira torokina. 2.
Thalassiosira oliverana var. sparsa. 3. Paralia sulcata. 4. Stellarima microtrias. 5, 6. Actinocyclus
octonarius. 7. Stephanopyxis spp. 8. Denticulopsis simonsenii. 9. Asteromphalus symmetricus. 10.
Skeletonema utriculosa (cf. Scherer and Koc, 1996). 11. Hemiaulus spp. 12, 14. Pseudotriceratium
radiosoreticulatum. 13. Pyxilla reticulata.
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Unit III: Presence of Plio-Pleistocene and Upper Miocene diatoms with dominant long ranging taxa

WGZ-GC1-33cm and WGZ-GC1-40cm both fall into unit III. Additionally, these
samples share a similar assemblage to what was observed in unit III from WGZ-MC5A-24-25cm
and WGZ-GC4-10-14cm. Unit III is dominated by long ranging taxa, and includes a minor
presence of Plio-Pleistocene aged diatoms (Figure 15). Long ranging taxa dominate the
assemblage for WGZ-GC1-33cm at ~65% of the assemblage (Figure 15). Taxa are consistent
with those previously described for long ranging taxa group. The next most abundant group is
the upper Miocene marine diatoms at 23% of the assemblage Figure 15). Oligocene to middle
Miocene diatoms make up ~7% of the assemblage, while Plio-Pleistocene diatoms make up ~5%
(Figure 15).
WGZ-GC1-40cm down core is dominated by long ranging taxa at about 54% of the
assemblage (Figure 15). The assemblage also consists of a ~38% upper Miocene component,
followed by a trace abundance of Plio-Pleistocene marine diatoms at ~8% of the assemblage
(Figure 15). This interval had a minor presence of taxa in the sieved and strewn samples, which
is consistent with low fragment abundances in this interval (Figure 15; Table 3).
Unit IV: Oligocene to Middle Miocene taxa dominate with long ranging and Upper Miocene taxa

Unit IV-A: Dominated by long ranging taxa with a mix of age specific taxa

WGZ-GC1-51-52cm marks a transition from upper Miocene to Oligocene to Middle
Miocene taxa, which are similar to the RISP assemblage. This transition is seen in age specific
taxa, however, long ranging taxa still dominate these qualitative counts. Unit IV-A also marks
the transition out of the deposition of Plio-Pleistocene aged diatoms.
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As stated previously long ranging taxa dominate this interval at ~87% of the diatom
assemblage (Figure 15; 24; 25). The other 13% is split between 3 age specific groups. The upper
Miocene has the highest abundance for age specific groups at 9% (Figure 15; 24; 25), followed
by the Oligocene to Middle Miocene at 3% (Figure 15; 24; 25) and Paleocene to Eocene at ~1%
(Figure 15; 24; 25).
About 10cm down core at WGZ-GC1-63-64cm there is a transition to an even higher
abundance of long ranging taxa at 95% of the assemblage (Figure 15; 24). The other 5% of the
assemblage is split between Oligocene to Middle Miocene at 4% and upper Miocene at 1%
(Figure 15; 24). All age specific taxa were fragments, while long ranging taxa were split between
whole and diatom fragments. This unit also has some of the highest fragment abundances in the
Siple Coast, suggesting that this interval is a mature till (i.e. Most of the less resistant diatoms
have been fragmented to a point of no recognition, while long ranging robust taxa that are
resistant to weathering remain).
Unit IV-B: Well preserved Oligocene to Middle Miocene taxa and long ranging taxa

From WGZ-GC1-67-68cm long ranging taxa are still the dominant group represented at
~69% of the assemblage (Figure 15; 26; 27; 28). However, this interval marks the transition to an
Oligocene to Middle Miocene dominant trend in the age specific taxa (Figure 15; 26; 27; 28).
Oligocene to Middle Miocene marine diatoms represent about 29% of the assemblage (Figure
15; 26; 27; 28) and are represented by forms of Aulacodiscus brownei (Figure 27; 28),
Hemiaulus polycystinorum (Figure 27), Hemiaulus polymorphus (Figure 27), Hemiaulus spp.
(Figure 27; 28), Pyxilla spp., and Pseudotriceratium radiosoreticulatum (Figure 27). A number
of the taxa from this group are very similar to RISP, which will be discussed in the following
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Figure 24: Biostratigraphic age ranges represented by the marine diatoms in WGZ Unit IV-A.
Highlighted areas represent potential assemblage age.
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Figure 25: Paleogene and Neogene marine diatoms from WGZ Unit IV-A. Samples at 630x the scale bar
at the bottom right represents 10 microns. 1. Coscinodiscus spp. (WGZ-GC4-45-47cm). 2. Trinacria
excavata (WGZ-GC4-45-47cm). 3. Thalassiosira oliverana var. sparsa (WGZ-GC1-85-86cm). 4.
Eucampia antarctica (WGZ-GC4-45-47cm). 5. Actinocyclus octonarius (WGZ-GC1-75-76cm). 6.
Hemiaulus polymorphus (WGZ-GC1-85-86cm). 7. Pyxilla reticulata (WGZ-GC1-51-52cm). 8. Rocella
spp. fragment (WGZ-GC1-85-86cm. 9. Pterotheca spp. (WGZ-GC1-85-86cm). 10. Pterotheca aculeifera
(WGZ-GC4-45-47cm). 11. Pseudopodosira westii (WGZ-GC1-85-86cm). 12. Ammodochium ampulla
(Ebridian, Oligocene in age)(WGZ-GC1-85-86cm). 13. Paralia sulcata (WGZ-GC1-85-86cm). 14.
Stellarima microtrias (WGZ-GC1-75-76cm). 15. Stephanopyxis spp. fragment (WGZ-GC1-85-86cm).
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Figure 26: Biostratigraphic age ranges represented by the marine diatoms in WGZ Unit IV-B. Highlighted
areas represent potential assemblage age.
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Figure 27: Paleogene and Neogene marine diatoms from WGZ Unit IV-B (Plate 1). Samples at 630x the
scale bar at the bottom represents 10 microns. 1. Thalassiosira oliverana var. sparsa (WGZ-GC4-4749cm). 2, 3. Pseudotriceratium radiosoreticulatum (WGZ-GC4-47-49cm). 4. Hemiaulus spp. (WGZGC4-47-49cm). 5. Hemiaulus polycystinorum (WGZ-GC4-47-49cm). 6. Hemiaulus polymorphus (WGZGC4-47-49cm). 7. Stephanopyxis spp. (WGZ-GC4-47-49cm). 8. Aulacodiscus brownei (WGZ-GC1-6769cm). 9. Stephanopyxis microtrias (WGZ-GC4-47-49cm). 10. Cocconeis spp. ( WGZ-GC4-47-49cm).
11. Actinoptychus senarius (WGZ-GC4-47-49cm). 12. Paralia sulcata (WGZ-GC4-47-49cm).
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Figure 28: More Paleogene and Neogene marine diatoms from WGZ Unit IV-B (Plate 2). Samples at
630x the scale bar at the bottom represents 10 microns. 1. Skeletonema utriculosa (cf. Scherer and Koc,
1996) (WGZ-GC4-47-49cm). 2 Xanopyxis spore (WGZ-GC1-67-69cm). 3. Stephanopyxis turris (WGZGC4-47-49cm). 4. Hemiaulus spp. (WGZ-GC4-47-49cm). 5. Pterotheca aculeifera (WGZ-GC4-4749cm). 6. Grammatophora spp. (WGZ-GC1-67-68cm). 7. Actinocyclus octonarius (WGZ-GC4-4749cm). 8. Aulacodiscus brownei (WGZ-GC1-67-69cm).
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section. There is still a minor component of Upper Miocene and Paleocene to Eocene mixed in
this assemblage at ~1% each (Figure 15).
WGZ-GC1-75-76cm sees a transition back to a mixed highly fragmented diatom
assemblage of Unit IV-A. Again the unit is dominated by long ranging taxa, which make up
about 78% of the assemblage (Figure 15; 24). The other 22% is a mix of Miocene to Paleocene
diatoms. Upper Miocene marine diatoms made up 10% of the assemblage, which were primarily
fragments (Figure 15; 24). The Oligocene to middle Miocene was about 6% of the assemblage,
which were of whole diatom frustules (Figure 15; 24). Paleocene to Eocene diatoms made up the
remaining 6% of the assemblage, and are primarily counted by fragments and robust spores
(Figure 15; 24). Overall the abundances and fragmentation suggests increased sediment ice
interaction at this unit.
The bottom of WGZ-GC1-85-86cm is still a mix of age specific taxa. Long ranging taxa
are the most common at 90% of the assemblage (Figure 15; 24). Paleocene to Eocene diatoms
are the next most common group at about 5% of the assemblage (Figure 15; 24). Upper Miocene
and Oligocene to middle Miocene diatoms are trace in this interval at about 2% and 3% of the
assemblage (Figure 15; 24). Upper Miocene diatoms are poorly preserved, while Oligocene to
middle Miocene diatoms are moderately preserved.
WGZ-GC4

WGZ-GC4 is from another run of gravity cores for the WISSARD project at the
grounding zone. The upper 22cm of sediment core is thought to be missing from this unit based
on stratigraphic and micropaleontological observations.

62
Unit III: Plio-Pleistocene microclasts within dominantly long ranging taxa

WGZ-GC4-10-14cm is dominantly long ranging taxa, which make up about 82% of the
marine diatoms from this assemblage (Figure 16). The Upper Miocene and Plio-Pleistocene both
make up about 8% of the diatom assemblage (Figure 16), which leaves about 3% for Oligocene
to Middle Miocene presence in the interval (Figure 16). This unit shares many characteristics of
Unit III seen in WGZ-GC1 and WGZ-MC5A. The Plio-Pleistocene markers are characteristic of
modern diatom assemblages, such as the presence of Thalassiosira lentiginosa and
Fragilariopsis kerguelensis that occur in diatomite microclasts (Figure 20).
Unit IV: Oligocene to Middle Miocene taxa dominate with long ranging and Upper Miocene taxa

Much like the transition seen in WGZ-GC1 for unit IV there is a similar transition to a
RISP like assemblage in WGZ-GC4. The dark layer observed after the sediment core was split
open is likely part of microfossil Unit IV-A, while the light layer is likely part of IVB based on
microfossil content and preservation.
Unit IV-A: Dominated by long ranging taxa with a mix of age specific taxa

WGZ-GC4-45-47cm (Dark layer), is dominantly long ranging taxa at about 89% of the
assemblage. The remaining 11% is broken up between the upper Miocene at 6%, the Oligocene
to Middle Miocene at 1%, and the Paleocene to Eocene at 4% of the assemblage. Besides the
introduction of trace amounts of Paleocene and Eocene marine diatoms, these numbers are
comparable to those seen at a similar interval from WGZ-GC1.
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Unit IV-B: Well preserved Oligocene to Middle Miocene taxa and long ranging taxa

WGZ-GC4-47-49cm (Light layer), is very similar to WGZ-GC1-67-68cm. The interval
assemblage is dominantly long ranging at about 51% of the assemblage (Figure 16). The second
most abundant group in the core is the Oligocene to Middle Miocene group at about 38% of the
assemblage (Figure 16). This assemblage like its WGZ-GC1 counterpart is also very comparable
to the diatoms found at the RISP sites. The 11% that remains is split between upper Miocene
marine diatoms at 4% and Paleocene to Eocene diatoms at 7% of the assemblage (Figure 16).
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CHAPTER 5

KAMB ICE STREAM (KIS)
Introduction

Kamb Ice Stream (KIS) is part of the Siple Coast in West Antarctica. Unlike the WIS
which flows at about a meter per day the KIS is currently inactive and has been for the last 100200 years (Anandakrishnan et al., 2002; Whillans et al, 1987; 2001) (Figure 29). Since the
collection of sediments by the California Institute of Technology (Caltech) drilling teams in 1996
(9 sediment cores recovered) and 2000 (one sediment core recovered), there have been no
analyses to date on microfossil assemblages in this region (Figure 29). Most of the study interest
in this region is tied to the “sticky spot” in the KIS (Stokes et al., 2007).
A sticky spot is an area in an ice stream that has increased basal friction which is usually
tied to subglacial highs in ice streams (Alley, 1993; Stokes et al., 2007). Additionally, these
sticky spots are surrounded by well lubricated beds, which are often experiencing low shear
stress (Alley, 1993). These features are thought to be important influences on ice dynamics in
these Siple Coast ice streams.
Although microfossils cannot directly solve large scale mass balance problems, the
preservation of fossils and quantitative fragment abundance in sediments from locations
surrounding and on the sticky spot, can provide insights into subglacial conditions at these
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features. This is done by assessing the degree of mechanical alteration as a result of sediment ice
interactions in this region. Additionally, in order to better understand the microfossil age signal
from this region the total age ranges of taxa will be analyzed to better understand these
subglacial deposits. These analyses were done on three core water samples (KIS 96-101CWCoal, KIS 96-6-1-5ACW, and KIS 96-13-1-1CW), two core samples (KIS 96-10-1-5A and
KIS 00-4-1-2a), and one core catcher sample (KIS 00-3-1-0a) (Figure 29). Core water samples
are suspended sediment representing the upper part of basal sediments disturbed by the coring
process and other borehole activities.
KIS background
KIS, like WIS, is 1,000’s of km long and about 50 km wide. The portion of the ice
stream this study focuses on the area that is in a 30 km radius of the KIS Sticky Spot (SS)
(Kamb, 2001; Figure 30). Upstream KIS sites are from the 1996 drilling season (will be referred
to as upstream from here on) are situated just east of the SS and are part of the flow lines
associated with the Southern Ice Stream Branch (Figure 29). This ice stream is considered
inactive, however, it is moving at about 14 meters per year at this site (Engelhardt, 2013),
remember WIS flows at about 400 m/yr. Basal conditions of ice streams were studied using radar
and other geophysical methods (Jacobel et al., 2009). They reported that the area surrounding the
KIS SS sites have wet basal conditions (Jacobel et al., 2009). This well lubricated bed could have
implications for flow in the region however, they found that even though the bed was well
lubricated there was slow surface speeds for ice flow (<15 meters per day).
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Figure 29: Location of KIS cores using BEDMAP and MODIS images (Using GeoMapApp). Red dots
are from the 1996 drilling season and green dots are from the 2000 drilling season.
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Just downstream on the KIS are the sites from the 2000 drilling season (will be referred
to as downstream from here on) (Figure 29). One sediment core is from the area between the
Southern Ice Stream Branch (SISB) and the SS known as the Shear Margin (SM). The other
sample is a core catcher from the KIS SS where no deep penetration was successful. Vogel and
others (2005) found that this sticky spot is associated with a freeze on of sediments to the bed in
this regional high. Though this site is frozen to the bed there is still motion of about 3 meters per
year (Engelhardt, 2013). Jacobel and others (2009) found limited water associated with this
sampling site. These conditions facilitate erosion by increasing the amount of basal drag and
shear strain on the sediments. As stated previously, these conditions also increase the potential
for basal freeze on of sediments. The other sediment sample from the downstream drilling is part
of the shear margin next to the sticky spot. Ice motion in this area is moving at 12 m/year at this
site (Engelhardt, 2013). Like the upstream sites the basal ice is considered wet and therefore less
basal shearing and likely erosion into sediments takes place at these sites (Jacobel et al., 2009).
Results

Diatom valve and fragment abundances

Descriptions of all results will start by addressing the upstream samples first, with
downstream samples associated with the KIS SS following. For spatial reference of the core
locations samples are found just east of the SS in the upstream samples and just south of the
“sticky spot” for downstream samples (Figure 29). It is important to consider the way these
samples were collected in comparison to other sediments from the region. Most samples
analyzed from this region were taken using a Caltech piston corer (Kamb, 2001). Core water
samples are obtained from the water that is left in the core barrel when the samples are brought
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to the surface, which includes some of the top portion of the sediments. However, the importance
of collecting these samples was not considered until UpC drilling was initiated. Most UpB core
water samples were not retained, instead they were poured into the snow, therefore, comparisons
can only be made between sites that core water samples were saved. These samples will help
provide insight into water column conditions or there could be a signal from the basal material
that was likely disturbed as a result of hot water drilling through debris rich ice.
Starting with the upstream KIS samples Core 6 that is located just upstream of the spot
and has 1.08*108 diatom fragments per gram (Figure 30). Core 13 is on the shear margin of the
sticky spot and has a diatom fragment concentration of 5.70*107 (Figure 30). For Core 10, two
samples were analyzed: 96-10-1-5A and 96-10-1 core water (coal). The latter core contained
tiny chunks of coal-like organic sediment. These samples are from the Southern Ice Stream
branch and have diatom fragment abundances between 1.01*108 for the core water (coal) sample
and 1.62*108 for sample 1-5A (Figure 30).
Downstream KIS samples will start with the KIS SS samples (00-3-1-0a) and one sample
on the shear margin of the stream (00-4-1-2a). The “sticky spot” sample 00-3 has an unusually
low concentration of fragments at 4.47*106 fragments per gram (Figure 30). This sample had
very low concentrations and finding diatom fragments that could be identified to the species
level was difficult. (Figure 30). Sample 00-4 is located 5km south of the sticky spot and is closer
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Figure 30: Bar graphs of diatom fragment abundances for the KIS. These graphs show the differences in
fragment abundances between sites and drilling seasons.
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to the Southern Ice Stream branch of the Kamb. This sample is dominated by centric diatoms and
has 6.71*107 diatom fragments per gram (Figure 30).
Species Distribution

Cumulative abundances of taxa from upstream and downstream components are shown
in Table 4 and 5. It is important to remember that most of the data presented is on core water
samples which are different from observations on subglacial till cores in that they represent the
top of the sediment column and could also represent material that is melted out of the basal
debris that is common in this location, observed by borehole cameras (Carsey et al., 2002;
Christoffersen et al., 2010).
Upstream KIS samples have high abundances of Stellarima microtrias (Figure 31; 32;
33), which is a heavily silicified and long ranging taxon. Long ranging taxa are not age specific
and typically have heavily silicified frustules which make them more likely to remain in these
sediments but offer little data for biostratigraphic characterization. Another long ranging taxon
present is Paralia sulcata (Figure 33), which is also common diatom in subglacial deposits
because it is a robust frustule similar to Stellarima. These diatoms make up about 57% of the
upstream KIS assemblage and exhibit good preservation (Figure 34).
The second most common diatom frustule in the upstream deposits is Actinocyclus
octonarius (Figure 31; 32; 33; 35) which has an Oligocene to present age range. Though this taxa
has a long age range, it is characteristic of upper Miocene deposits in the Antarctic (Harwood et
al., 1989). To better constrain the age represented by these subglacial deposits the assemblage of
Denticulopsis delicata (Figure 31; 35), D. simonsenii (Figure 31; 35), Thalassiosira oliverana
var. sparsa, Thalassiosira oliverana (Figure 31), Thalassiosira torokina (Figure 31; 32; 35),
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Table 4: Whole Diatom and Other Siliceous Microfossil Species List, and Cumulative Abundances in
Upstream KIS Sediments (see APPENDIX F for site specific counts).

KIS Upstream (96 season)
Marine Diatoms Cumulative
abundance
Stellarima microtrias
1350
Denticulopsis simonsenii
40
Synedropsis creanii
17
Actinocyclus octonarius
430
Actinocyclus ingens
29
Thalassiosira oliverana var. sparsa
15
Rhizosolenia spp.
13
cf. Thalassiosira antarctica
32
Eucampia antarctica
41
Cosconodiscus spp.
275
Paralia sulcata
5
Thalassiosira spp.
18
Actinocyclus fryxellae
68
Fragilariopsis obliquecostata
3
Fragilariopsis sublinearis
2
Fragilariopsis ritscheri
2
Thalassiosira trifulta
2
Pyxilla spp.
1
Denticulopsis delicata
60
Trinacria excavata
2
Probosia spp.
50
Silicoflagellates
Cumulative
abundance
Fragments
2
Ebridians
Cumulative
abundance
Parathranium (Miocene)
10
50
Chrysophyte cysts
10
Diatomite microclasts
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Table 5: Whole Diatom and Other Siliceous Microfossil Species List, and Cumulative Abundances in
Downstream KIS Sediments (see APPENDIX F for site specific counts).

KIS Downstream (00 season)
Marine Diatoms
Stellarima microtrias
Denticulopsis simonsenii
Synedropsis creanii
Actinocyclus octonarius
Actinocyclus ingens
Thalassiosira oliverana var. sparsa
Rhizosolenia spp.
cf. Thalassiosira antarctica
Eucampia antarctica
Cosconodiscus spp.
Paralia sulcata
Thalassiosira spp.
Pyxilla reticulata
Actinocyclus fryxellae
Denticulopsis delicata
Trinacria excavata
Probosia spp.
Silicoflagellates
Distephanus speculum speculum
Fragments
Ebridians
Parathranium (Miocene)
Diatomite microclasts

Cumulative
abundance
305
3
0
131
13
2
0
2
6
109
1
2
1
21
2
3
50
Cumulative
abundance
1
1
Cumulative
abundance
5
0
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Figure 31: Marine diatoms and other siliceous microfossils from sample KIS 96-6-1-5a the upstream
component of the KIS drilling seasons. All light microscope images at 1000x. 1-4. Actinocyclus
octonarius group. 5. Chrysophyte cysts. 6. Coscinodiscus asteromphalus. 7,8. Eucampia antarctica. 9.
Parathranium (Ebridian). 10. Denticulopsis delicata. 11. Trinacria excavata. 12. Denticulopsis
simonsenii. 13. Thalassiosira torokina. 14. Rhizoselenia spp. fragment. 15. Paralia spp. fragment. 16.
Thalassiosira oliverana. 17. Thalassiosira oliverana var. sparsa. 18 a,b. cf. Thalassiosira antarctica. 19.
Thalassiosira torokina. 20. Stellarima microtrias. The scale bar at the bottom represents 10 microns.
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Figure 32: Marine diatoms from sample KIS 96-10-1 core water (coal), the upstream component of the
KIS drilling seasons. All light microscope images at 1000x. 1,2. Actinocyclus octonarius group. 3.
Actinocyclus sp. A. 4 a,b. Thalassiosira torokina. 5. Trinacria excavata. 6. Fragilariopsis obliquecostata.
7. Stellarima microtrias. 8. Synedropsis creanii. 9 a-e. cf. Thalassiosira antarctica. 10. Denticulopsis
delicata. 11. Fragilariopsis ritscheri. 12. Stellarima microtrias. 13 a,b. Fragilariopsis sublinearis
fragments. 14 a-d. cf. Thalassiosira antarctica. The scale bar at the bottom represents 10 microns.
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Figure 33: Siliceous microfossils from sample KIS 96-13-1-1 core water, the upstream component of the
KIS drilling seasons. All light microscope images at 1000x. 1. Actinocyclus octonarius. 2,3.
Actinocyclus sp. A (ingens?). 4,6. Actinocyclus sp. A. 5,10.Stellarima microtrias. 7. Rhizosolenia sp. 8.
Eucampia antarctica. 9 a,b,14 a-c. Hemiaulus polymorphus. 11. Potentially an apical ring of Distephanus
speculum. 12. Pyxilla spp. fragment. 13. Paralia sulcata. 15 a-d. cf. Thalassiosira antarctica. The scale
bar at the bottom represents 10 microns.
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Figure 34: Pie charts of cumulative abundances of diatom from different ages from the Upstream KIS. A.
Represents the total assemblage at KIS 96 season sites. B. Represents the assemblage omitting the long
ranging taxa.
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Trinacria excavata (Figure 31; 32) and Actinocyclus fryxellae are used. Ages of microfossils
present converge or have the potential to coexist in the late Miocene time making the strata upper
Miocene (Figure 35). The upper Miocene accounts for 41% of the assemblage and frustules
exhibit good preservation (Figure 34). Eucampia antarctica (Figure 31; 33; 36) represents the
Lower Miocene to present therefore, still representing an Upper Miocene age of the strata. Also
present from this interval of time are micro-clasts of diatomite (Figure 37). In these clasts taxa
such as Thalassiosira sp. and Fragilariopsis sp. which likely represent a Miocene or younger
age.
The Oligocene is represented by fragments of Pyxilla sp. (Figure 33) which is likely
Pyxilla reticulata which is present in trace amounts in these sediments. Oligocene to Middle
Miocene aged diatoms make up about 0.5% of the assemblage, and exhibit poor preservation. In
addition to the Oligocene there is a small component from the Eocene to Upper Miocene
represented by Hemiaulus polymorphus (Figure 33), however, this could be part of an Upper
Miocene assemblage given its total age range.
The youngest age is represented in the core water samples of KIS is Pliocene and
younger. The diatoms part of this interval are Actinocyclus ingens, cf. Thalassiosira antarctica
(Figure 31; 33; 36), Fragilariopsis sublinearis (Figure 32; 38), F. obliquicostata (Figure 32; 38),
and F. ritscheri (Figure 32). This assemblage exhibits moderate preservation and makes up about
1.5% of the diatom assemblage in these deposits (Figure 34).
Downstream deposits which include the SS site 00-3 and site 00-4 on the shear margin,
are nearly identical to the upstream component. The SS samples are highly fragmented with a lot
of centric mesh that is from 1 to 6 microns in size so preservation in these samples are poor.
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Figure 35: Biostratigraphic age ranges represented by marine diatoms in KIS sediments. Highlighted
regions are potential representative age of assemblages.
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Figure 36: Marine diatoms and other siliceous microfossils from sample KIS 96-10-1-5a core water, the
upstream component of the KIS drilling seasons. All light microscope images at 1000x. 1. Actinocyclus
octonarius. 2,3. Eucampia antarctica. 4. Stellarima microtrias. 5. Chrysophyte cyst. 6-10. Denticulopsis
simonsenii. 11,15. Parathranium sp. (Ebridian). 8. Coscinodiscus asteromphalus. 12,17. Actinocyclus sp.
A. 13,14. Rhizosolenia fragment. 16. Denticulopsis delicata. 18 a,b. cf. Thalassiosira antarctica. 19.
Actinocyclus octonarius. 20. Thalassiosira torokina. 21. Silicoflagellate fragment. 22. Synedropsis
creanii fragment. The scale bar at the bottom represents 10 microns.
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Figure 37: Diatomite microclasts from sample KIS 96-10-1 core water (coal), the upstream component of
the KIS drilling seasons. All light microscope images at 1000x. 1. Marine diatomite clast that has
identifiable Rhizosolenia and Fragilariopsis sp., Chaetoceros spores and indistinguishable centric
fragments. 2. Marine diatomite microclast that has cf. Thalassiosira antarctica and other marine diatoms
indistinguishable. 3 a,b. Diatomite clast of Thalassiosira fragments and Chaetoceros spores. 4 a-c.
Diatomite microclast of Thalassiosira fragments and Chaetoceros spores next to a Stellarima microtrias.
The scale bar for each photo represents 10 microns.
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Figure 38: SEM images of marine diatoms from sample KIS 96-10-1 core water (coal), the upstream
component of the KIS drilling seasons. Scales are located in the bottom right hand corner of each SEM
image. A. Fragilariopsis obliquicostata with signs of mechanical breakage near the tip. B, D.
Fragilariopsis sublinearis fragments. C. Fragilariopsis cf. curta or praecurta. Images taken at Argonne
National Laboratory on the FEI Quanta.
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Species level identification is difficult though genus level identification is possible for some of
the larger fragments. A couple Eucampia antarctica (Figure 39) fragments are found amongst
the centric diatom mesh. The diatom meshwork fragments are likely Actinocyclus sp. and
Stellarima spp. (Figure 39) but as stated previously a species level identification is difficult due
to the size and preservation of these samples.
The sample from the shear margin (00-4) (Figure 29), has an upper Miocene component.
Still present are the long ranging taxa Stellarima microtrias (Figure 40) and Paralia sulcata
(Figure 40). Additionally, the second most abundant taxon is still Actinocyclus octonarius
(Figure 40). The upper Miocene is again represented by Trinacria excavata (Figure 41),
Denticulopsis simonsenii (Figure 41), D. delicata (Figure 41), Thalassiosira oliverana var.
sparsa, and Actinocyclus fryxellae/Actinocyclus sp. A (Figure 41). The Pliocene and younger
diatoms are still present in these samples represented by cf. Thalassiosira antarctica (Figure 40),
and Actinocyclus ingens (Figure 40). Upstream and downstream samples are nearly identical
when considering age ranges present (Figure 34; 35; 42).
Other siliceous microfossils

Diatoms are best represented in these deposits however, there are other microfossils that
help with age characterization. Silicoflagellates, ebridians, sponge spicules, and chrysophyte
cysts were also used to help define the age of this deposit. The Ebridian Parathranium sp.
(Figure 31; 36) was present in a few of the samples and represents Miocene marine deposition.
Silicoflagellates were also present such as Stephanocha speculum (Figure 41) which, are longranging but characteristic of Pleistocene marine deposition.
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Figure 39: Diatom fragments from sample KIS 00-3-1-0a the SS sample from KIS 2000 drilling season.
All light microscope images at 1000x. 1. Actinocyclus sp. fragment (cf A. octonarius). 2. Actinocyclus
fragment. 3-5. Centric diatom fragments. 6,7. Stellarima microtrias fragments. 8. Actinocyclus sp.
fragment (cf A. octonarius). 9 a,b. Eucampia antarctica. Sample was barren with these rare fragments
present. The scale at the bottom in the center represents 10 microns.
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Figure 40: Centric diatoms from sample KIS 00-4-1-2a the upstream component of the KIS drilling
seasons (Plate 1). All light microscope images at 1000x. 1. Actinocyclus octonarius. 2. Stellarima
microtrias. 3. Coscinodiscus asteromphalus. 4. Actinocyclus octonarius. 5,6. Stellarima microtrias. 7,8.
Actinocyclus ingens. 9. cf. Thalassiosira antarctica. 10-12. Actinocyclus octonarius. 13. Stellarima
microtrias. Scale bar in the bottom center is 10 microns.
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Figure 41: Neogene microfossils from KIS 00-4-1-2a the downstream component of the KIS drilling
seasons (Plate 2). All light microscope images at 1000x. 1, a,b (valve view). Eucampia antarctica. 2.
Rhizosolenia spp. fragment. 3. Trinacria excavata fragment. 4. Chrysophyte cyst (Apchaeononas). 5.
Pyxilla reticulata. 6. Denticulopsis simonsenii. 7. Eucampia antarctica (intercalary valve). 8.
Stephanopyxis turris. 9. D. delicata (pyritized). 10. Paralia sulcata. 11. Actinocyclus sp. A (cf. ingens).
12. Hemiaulus spp. 13. Stellarima microtrias. 14 a,b. Stephanocha speculum (Silicoflagellate).
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Figure 42: Pie charts of cumulative abundances of diatom from different ages from the Downstream KIS.
A. Represents the total assemblage at KIS 00 season sites. B. Represents the assemblage omitting the long
ranging taxa.
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CHAPTER 6

BINDSCHADLER ICE STREAM (BIS)

Introduction

A piston core was collected during an expedition by the Caltech glaciologists at the UpD
camp on the Bindschadler Ice Stream (BIS) on January 23, 1999 (S81°41’ 25”,
W140°00’19’’)(BIS98-2-2-3A(20-30cm) BIS98-2-2-3C(50-60cm) (Figure 43) (There were plans
to do more sampling, however, a plane crash brought this field season to an abrupt end). BIS is
an active, fast flowing ice stream similar to WIS, situated in grabens and fast flowing (Rooney et
al., 1991; Kamb, 2001). At the time of sampling the ice sheet was about 1086 meters thick and
moving at a rate of about 365 m-a during drilling (Kamb,2001).
Though BIS and WIS flow at a similar rate and are similar when considering the
conditions described above there are differences observed between sites. Studying these
differences will aid in the understanding these features and how they have varied through time.
Although BIS moves slightly slower than the WIS, 80% of the motion in BIS is from till
deformation, which is about 3.2 times more deformation from ice motion than the WIS (Kamb,
2001). Other differences noted between these sites are the thermal regime and basal conditions
at each site. Basal freeze-on in this area is inferred from studies of the thermal regime at the base
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Figure 43: Location of BIS drill core using BEDMAP and MODIS images (Using GeoMapApp). Black
dot is the drilling site from the 1998 Cal tech drilling season.
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of this ice stream (Engelhardt, 2004; Jacobel et al., 2009). Similar to the KIS sticky spot there is
limited hydrological flow at the base of the ice stream, which means there is less water to
lubricate the sediments, increasing basal drag and likely resulting in the enhanced deformation of
till in this region (Engelhardt, 2004; Jacobel et al., 2009).
Knowing the physical conditions at the base of the ice, diatom fragments from one
sediment core are compared to UpB, KIS, SLW, and WGZ to assess the usefulness of diatoms as
a tracer of sediment ice interactions in this subglacial environment. The initial hypothesis was
that active ice stream deposits such as UpB and BIS would have comparable fragment
abundances as a result of similar conditions at the base of the ice. There is 3.2 times more
deformation in BIS so an alternative hypothesis was that BIS fragment abundances would be
much lower than UpB, KIS, SLW, and WGZ deposits. As studies of microfossils had not been
completed in this area before it was expected that given the widespread upper Miocene deposits
in this region, microfossils from this area share the same age.
Results

Diatom fragment abundance

Similar to UpB and SLW fragment abundance for BIS samples from 20-30cm depth
and 50-60cm depth are low, in the millions for diatom fragments per gram (Figure 44). These
fragment concentrations are common for areas that are currently active ice streams, and
consistent with all subglacial fragment counts in the region. Values range from 5.60*106 diatom
fragments per gram 20-30cm below the surface to 4.89*106 diatom fragments per gram 50-60cm
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below the surface (Figure 44). Small fragments and poor preservation of diatom frustules
characterize the deformation till collected from this site.

Figure 44: Diatom fragment abundance down core for the BIS sediments.

Species distribution

Species distribution in BIS samples is consistent with subglacial deformation tills from
the region exhibiting stratigraphic mixing down core. All previous ice streams may have a small
component of Paleogene aged diatoms, however, BIS samples have an exclusively Paleogene
aged marine diatom assemblage, with no evidence of younger diatoms. All taxa for these
samples were counted using general abundances based on microscope views, outlined in Table 6.
Cumulative abundances of taxa are presented in Table 7 and 8.
Long ranging taxa, most notably Paralia sulcata (Figure 45; 46; 47; 48) and the
Stephanopyxis turris group (Figure 47), dominate this assemblage (Figure 49). These taxa are
robust and make up about 54 % of the diatom assemblage from BIS (Figure 50). Stephanopyxis
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Table 6: Key for the Cumulative Abundance for Microfossils in Bindschadler Ice Stream Sediments.

Abundance key Description
A=Abundant

Abundant is greater than 10 specimens per transect

F=Frequent

Frequent is 5-10 specimens per transect

C=Common

Common is 1 to specimens per transect

R=Rare
VR=Very Rare

Rare is 2 to 10 specimens per Slide
Very Rare is at least 1 to 2 specimens per slide
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Table 7: Diatom and Other Siliceous Microfossils Species List, and Cumulative Abundances from
Bindschadler Ice Stream 20-30cm Down Core.

BIS-98-2-2-3A 20-30cm Abundance
Marine diatoms
Stephanopyxis Resting Spore
A
Pyxilla spp.
R
Stephanopyxis grunowii
C
Paralia Sulcata
A
Screproneis sp.
R
Pyxilla reticulata
R
Coscinodiscus spp.
R
Actinoptychus senarius
C
Hemialus spp.
F
Paralia sp. A
A
Anaulus sp.
VR
Pterotheca aculeifera
R
Biddulphia spp.
R
Odontotropis klavsenii
R
Trinacria spp.
F
Triceratum spp.
F
Rutilaria spp.
R
Stellarima microtrias
R
Eunotograma productum
R
Stephanopyxis sp.
A
Triceratium favus var quadrata
F
Tinacria simulacrum
R
Triceratium crenulatum
F
Hemiaulus polymorphus
F
Rocella vigilans
C
Rocella praentidas
C
Other siliceous microfossils
Chrysophyte cyst A
F
Chrysophyte cyst B
F
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Table 8: Diatom and Other Siliceous Microfossils Species List and Cumulative Abundances from
Bindschadler Ice Stream 50-60cm Down Core.

BIS-98-2-2-3C 50-60cm Abundance
Marine diatoms
Stephanopyxis Resting Spore
A
Pyxilla spp.
R
Stephanopyxis grunowii
C
Paralia Sulcata
A
Screproneis sp.
R
Pyxilla reticulata
R
Coscinodiscus spp.
R
Actinoptychus senarius
C
Hemialus spp.
F
Paralia sp. A
A
Anaulus sp.
VR
Pterotheca aculeifera
R
Biddulphia spp.
R
Odontotropis klavsenii
R
Trinacria spp.
F
Triceratum spp.
F
Rutilaria spp.
R
Stellarima microtrias
R
Eunotograma productum
R
Stephanopyxis sp.
A
Triceratium favus var quadrata
F
Tinacria simulacrum
R
Triceratium crenulatum
F
Hemiaulus polymorphus
F
Rocella vigilans
C
Rocella praentidas
C
Other siliceous microfossils
Chrysophyte cyst A
F
Chrysophyte cyst B
F
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spp. (Figure 46; 47; 48) frustules have moderate preservation, while Paralia sulcata specimens
are relatively well preserved. Additionally, a few examples of pyrite replacement of Paralia
frustules is noted (Figure 46).
A Paleocene/Eocene diatom assemblage is indicated by the occurrence of Trinacria
simulacrum (Figure 48; 49). Further illustrating the Paleocene/Eocene assemblage is the
occurrence of Pterotheca aculeifera (Figure 46; 47; 48), Stephanopyxis grunowii (Figure 47; 48),
Screptoneis sp. (Figure 46; 47; 48), Hemiaulus polymorphus (Figure 47; 48), Triceratium
crenulatum (Figure 46; 47; 48), and Triceratium favus var. quadrata (Figure 46; 47). These
species make up about 40 % of the marine diatom assemblage in the BIS deposits (Figure 50).
This age is based on data from whole and fragmented diatoms that were moderately preserved.
Also present in BIS samples are Early Oligocene to Middle Miocene aged diatoms. This
age is characterized the occurrence of Rocella vigilans (Figure 48), Rocella praentida (Figure 46;
48) and Pyxilla reticulata (Figure 45; 47). Actinoptychus senarius (Figure 45; 46; 47) is also
present which could represent this time frame but is long ranging and extant. The diatom
assemblage is fragmented and makes up about 6% of BIS deposits (Figure 50). While the ranges
go up to the middle Miocene, characterizing the deposit based on total age ranges suggests the
older Oligocene range is likely represented by these taxa.

95

Figure 45: Paleogene diatoms from BIS-98-2-2-3A (20-30cm) (Plate 1). All light microscope images at
1000x except 5 and 26 that are at 400x and 2, 24, and 25 that are at 630x. 1,2,5. Actinoptychus senarius.
3. Anaulus sp. 4. Skeletonema utriculosa. 6 a,b. Triceratium favus var. quadrata. 7,21. Paralia sulcata.
8. Resting spore 9. Pterotheca spore. 10. Trinacria sp. fragment. 11. Pterotheca aculeifera. 12 a,b.
Triceratium crenulatum 13. Chrysophyte cyst. 14,26. Pyxilla reticulata. 15 a,b, 16a,b, 19a,b. Biddulphia
sp. fragments. 17 a,b. Sceptroneis sp. fragments. 18,22. Rutilaria fragments. Scale bar for 1000x is in the
bottom right hand corner. Scale bar for 400x located below 5,20, and the scale bar for 630x is located
below 1, and between 19 a,b.
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Figure 46: Paleogene diatoms from BIS-98-2-2-3A (20-30cm) (Plate 2). All light microscope images are
at 400x (10 micron scale bar at the bottom of the page) except for 5 and 8 that are at 1000x (10 micron
scale bar under 5). 1. Pseudopodosira westii. 2. Paralia sulcata “oval form”. 3. Pyritized Paralia sulcata.
4 a,b, 17. Stephanopyxis grunowii. 5-7. cf. Hemiaulus subactus. 8. Actinoptychus senarius. 9. Hemiaulus
polymorphus var. morsiana. 10,11,14. Rocella praenitida. 12 a,b. Triceratium crenulatum. 13,18.
Hemiaulus polymorphus. 15 a,b. Triceratium favus var. quadrata. 16. Possible Sceptoneis sp. fragment.
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Figure 47: Paleogene marine diatoms from BIS-98-2-2-3C (50-60cm) (Plate 1). All light microscope
images at 630x in the upper left corner (1-6) and 1000x for the rest. 1 a-c. Actinoptychus senarius. 2.
Paralia sulcata. 3 a,b. Hemialus sp. 4a,b. Triceratium sp. 5,6. Pterotheca aculeifera. 7 a,b. cf. Hemiaulus
polymorphus. 8 a,b. cf. Biddulphia tridens 9. cf. Anaulus sp. A. 10,14. cf. Liradiscus ovails 11. Pyxilla
reticulata 12. Screponeis fragment, cf. Screponeis grunowii. 13. Hemialus sp? altus? 15 a,b.
Stephanopyxis grunowii.16. Rutilaria sp. fragment. 17. Stephanopyxis turris 18. Stephanopyxis sp. 10
micron scale bar bottom-center of plate for 1000x and above 1c. for 630x.
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Figure 48: Paleogene marine diatoms from BIS-98-2-2-3C (50-60cm) (Plate 2). All light microscope
images at 400x except 12, which is at 1000x. 1. Paralia sulcata “oval form”. 2. Paralia sulcata 3.
Hemialus sp. 4. Pterotheca aculeifera. 5. Stephanopyxis grunowii. 6. Pseudopodosira westii. 7. Pyxilla
sp. fragment. 8. Genus and species unknown 9 a,b. Rocella sp.(cf. Rocella praenitida). 10 a,b,13a,b.
Triceratium crenulatum. 11. Rocella sp. 12. Trinacria simulacrum fragment. 14 a,b. Stephanopyxis sp. F
(Harwood and Gerosanade). 15. Stephanopyxis sp. 10 micron scale bar for 1000x is under 12 and for 400x
it is at the bottom of the page.
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Figure 49: Biostratigraphic age range chart of marine diatoms from the BIS.
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Figure 50: Pie charts of cumulative abundances of diatom from different ages from the BIS. A.
Represents the total assemblage at the BIS site. B. Represents the assemblage omitting the long ranging
taxa.
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CHAPTER 7

DISCUSSION: NEOGENE MARINE ENVIRONMENTS OF THE WEST ANTARCTIC

INTERIOR

Currently the primary knowledge of the global ice sheet history during the Neogene (23-0
Ma) is based on records from the deep sea (i. e. isotopic measurements from benthic foraminifera
to get ice volume and sea level). These analyses of deep sea records reveal history of global ice
volume, deep ocean temperatures, and carbon cycling, during the Neogene. A key observational
data set directly linked with WAIS history was obtained during the ANDRILL project, which
over 2 seasons, obtained a record of Pliocene (ANDRILL-1B) and Miocene (ANDRILL-2A) ice
sheet variability in the Western Ross Sea. These robust 1km long sediment core records provide
significant observations used to develop models for the Antarctic ice sheet, which is important
for understanding variations of the ice sheet through time.
Basin history in the vast regions beneath the ice sheet and ice shelves is known from
geophysical studies and the very few small sediment samples that have been recovered from
beneath the ice to date; nearly all from the Ross Embayment of West Antarctica.
Sediment samples from beneath the Ross Ice Shelf were recovered from the Crary Ice
Rise (CIR) and the Ross Ice Shelf Project (RISP), which provide a record of Miocene
productivity in the West Antarctic basin. RISP sediments had diatomite clasts, which are easily
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broken down via ice subglacial shear, suggesting the diatomite clasts that were from lower and
middle Miocene deposits were generally close to source beds under the West Antarctic Ice Sheet
(WAIS). Sediments from the grab sample collected from the CIR had small clasts of diatomite
from upper Miocene deposits again suggesting a close proximity to source rocks and revealing
productivity in the West Antarctic basin during the latest Miocene. Additionally, in the late 80’s
and the 90’s glaciologists from the California Institute of Technology (Caltech) recovered
samples of subglacial sediments from ice streams in the Ross Embayment. From these sediments
only one ice stream was analyzed for microfossil content, at the UpB site on the Whillans Ice
Stream. Scherer (1991) and Scherer et al. (1998), found evidence of ice sheet collapse in the
Plio-Pleistocene in a few samples, as well, as long ranging marine diatoms and terrestrial
diatomites. Relative abundances of Upper Miocene marine diatoms were the highest, which were
mixed with long ranging taxa, the previously mentioned Plio-Pleistocene diatoms, Eocene aged
calcareous nannofossils, and lake diatomites (of probable Eocene age). While the sediments are
glacially mixed there is still an expansive record that can be teased out from these subglacial
records. Studies were done on multiple cores from the Whillans Ice Stream (WIS) however,
samples from other ice streams were not analyzed during this time.
In this study we expand the record of terrestrial and marine microfossils to aid in our
understanding of Neogene West Antarctic basin history. Additionally, modern subglacial
processes are assessed by analyzing preservational differences that exist between a suite of
subglacial environments. Quantitative and relative abundance data was generated on marine and
terrestrial microfossils and their abundance in an existing subglacial lake (Subglacial Lake
Whillans (SLW)) and grounding zone (Whillans Grounding Zone (WGZ)), in cores recovered as
part of the WISSARD Project (Whillans Ice Stream Subglacial Access Research Drilling).
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Additionally we analyzed previously recovered sediments from beneath the Bindschadler Ice
Stream (BIS), an active ice stream, and the Kamb Ice Stream (KIS), an ice stream that has been
inactive for the past 150 years (Anandakrishnan et al., 2002; Whillans et al., 2001). Scherer et
al., (2004; 2005) studied fragmentation patterns of diatoms and found that depending on the
subglacial regime diatom fragment abundances and taxa present varied. Therefore, these
analyses look to increase the understanding of modern glacial processes, and establish a basin
history at each site.
Neogene paleoenvironments

Marine diatoms in subglacial deposits such as SLW, UpB, WGZ, KIS, CIR, and RISP,
suggests a reduced to collapsed ice sheet during certain intervals, likely warm interglacials,
during the Pleistocene, Pliocene, and at least 3 broad scale events during the Miocene. We
discuss these events based on microfossil data from available Ross Embayment sediments.
Plio-Pleistocene ice sheet variability

WGZ Radiolarian and other diatomite clasts

One of the most interesting findings from the WGZ is the presence of microclasts of PlioPleistocene marine diatoms found in WGZ Unit III that are not present above or below this unit.
The most profound of these observations was the presence of a radiolarian (from the family
Trissocyclidae) that is filled with a modern assemblage of diatoms. Diatoms observed include
Thalassiothrix and Thalassionema group, and Fragilariopsis kerguelensis. Although these taxa
have a long range to about 3 Ma this is still evidence of an ice sheet retreat or collapse also
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observed by Scherer, (1991) 330km upstream of this site from a few samples near the UpB camp
from the WIS.
Plio-Pleistocene marine diatom clasts and the example of the radiolarian likely represent
in situ deposition at or close to the location sediments were collected from during a deglacial.
Diatom frustules from the Plio-Pleistocene and diatomite microclasts in general are weaker than
older/long ranging robust diatom frustules. As a result these would quickly break down in the
subglacial environment. There are two mechanisms that would likely result in preservation of
these fragile clasts. The first scenario is freezing these clasts into basal ice, where they could be
transported far downstream until melt out; this process was documented at WGZ as part of the
WISSARD field studies. The other scenario was briefly described above, and is the more likely
of the two scenarios. This involves the radiolarian to be filled close to source as a result of
productivity in a reduced ice interval, which could likely have occurred during a Quaternary
interglacial.
Cumulative evidence from the Ross Embayment of Plio-Pleistocene collapse

Scherer (1991) established the existence of Plio-Pleistocene diatoms in UpB Whillans Ice
Stream (UpB), sediments with the discovery of well-preserved Plio-Pleistocene diatoms in the
upper few cm of a few sediment cores from UpB. New analyses of material collected from KIS,
as well as analysis of the materials collected by the WISSARD science team from SLW and
WGZ now confirm this evidence of Plio-Pleistocene collapse and/or retreat. Overall, the PlioPleistocene diatoms observed at KIS are very similar to those observed along the WIS. Though
the source beds cannot be tied to a particular location at this time, the broad geographic extent
provides a better understanding of the ice sheet variability and helps constrain boundaries of ice
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sheet retreat in models. Biostratigraphically “unmixing” the subglacial and sub-ice shelf
sediments analyzed for this study provides an overarching view of Ross Embayment history by
distinguishing intervals of marine deposition, and their relative proportions. Uncertainties exist
because we analyze glacially mixed sediments, not in situ sediments, therefore, we must take the
total age range of marine diatoms from these records. As a result the marine diatom record from
the Ross Embayment reveals at least 3 broad Neogene events in Antarctica’s history that indicate
the ice sheet was retreated or collapsed in the Ross Embayment, allowing for primary
productivity and deposition in the West Antarctic interior (Figure 51).
These three potential observed productivity events, likely occurred during overlaps in
marine diatom total age ranges between, 4-3.5 Ma, 3-2.5 Ma, and the last ~1 Ma (Figure 51),
consistent with results from AND-1B (Naish et al., 2009). Although biostratigraphic uncertainty
may be high the data can constrain ice sheet reduction in an area that has previously limited to
UpB work, from a micropaleontological prospective.
The early Pliocene (4.5-3.4 Ma) records from ANDRILL indicate warmer than present
marine conditions and a diminished marine ice sheet in the Western Ross Sea (McKay et al.,
2012; De Schepper et al., 2014). Naish and others (2009) report ice-free conditions in the
Western Ross Sea from 4.5-4.4 and between 3.6 to 3.4 Ma. The previously mentioned time
intervals are separated by an unconformity likely created as part of an M2 glacial (Naish et al.,
2009; De Schepper et al., 2014). The presence of diatoms that have total age ranges that overlap
between 4 and 3.5 Ma indicate reduced ice or ice free conditions in the Southern Ross
embayment during the Mid Pliocene Warm Period (MPWP).
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Figure 51: Biostratigraphic age dates from Pliocene and younger deposition. Specifically UpB, SLW,
WGZ, and KIS.
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MPWP decreases in global δ O values have been measured (Lisiecki and Raymo, 2005)
18

and decreases in Antarctic ice volume inferred in model studies (Pollard and DeConto, 2009;
Pollard et al., 2015). Additionally, early Pliocene summer sea surface temperatures reached ~45°C (Winter et al., 2010), which could affect ice sheet stability as ice sheets are influenced by
marine environments (Pollard et al., 2015). These factors and total diatom age range data support
the likelihood of reduced ice sheet or ice free conditions in the Ross Embayment during the
MPWP.
As previously stated the MIS M2 glacial period took place at about 3.3 Ma. In the
Southern Hemisphere this event is illustrated by the end of warm Ross Sea conditions, where the
ice shelf extended beyond the Ross Sea, and transitioned into a cooling trend for the region
(Naish et al., 2009; Passchier, 2011; McKay et al., 2012). Therefore, deposition of diatoms in the
Ross Embayment at this time is unlikely.
However, modeling studies have suggested retreat of the Antarctic ice sheet during the
mid-Piacenzian Warm Period (3.27-2.97 Ma), which suggests much smaller ice sheets than are
seen today (Pollard et al., 2015; DeConto and Pollard, 2016). The Mid-Piacenzian Warm Period
had an annual mean temperature at least 2-3°C higher than pre-industrial levels (Haywood et al.,
2013). Additionally, there is an inferred reduction in global ice volumes, which is reflected by
higher than present sea levels, ranging from 10 to 40 m above present levels (Raymo et al.,
2011), averaging around 20-25 m above present (Miller et al., 2012). Variability is noted in
modeling studies for both the Greenland and Antarctic Ice Sheets during this time, which is a
result of orbital forcing (Pollard et al., 2015, and references therein). Ice sheets were thought to
be in anti-phase with each other at this time, which indicates that a large ice sheet reduction in
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Antarctica could be associated with a small reduction in Greenland’s Ice Sheet (Dolan et al.,
2011). All the evidence presented supports diatom data indicating potential collapse at this time
interval.
Following the Pliocene, which experienced many advance and retreat episodes (Naish et
al., 2009), Pleistocene interglacials also have potential for ice sheet retreat. Evidence of PlioPleistocene marine sediment beneath the ice sheet in West Antarctica supports post Pliocene
disintegration of the West Antarctic ice sheet (Scherer, 1989; 1991; Chapter 3; 4). Rare Pliocene
and Pleistocene aged diatoms have been found at UpB, SLW, and KIS, providing direct evidence
of collapse in the Pliocene and Pleistocene. One taxon that defines a total age range in the past
600,000 years, found at all of these sites is Thalassiosira antarctica. Other evidence for
Pleistocene collapse is the evidence of cosmogenic 10Be analyzed from UpB samples containing
Pleistocene aged diatoms (Scherer et al., 1998). Biostratigraphic age control is still as poor as it
was when Scherer (2003) related diatom data to three interglacial periods, Marine Isotope Stages
5e, 11, and 31. Though new diatom analyses have provided no new age constraints, new data to
support some of these isotope stages has improved since the discussion in 2003. Focus here is on
stages 5e, 11 and 31 interglacials to find the interval that best relates to a collapse of the WAIS.
MIS-5e

MIS-5e took place between ~129,000 to 116,000 years before present (ybp), and was a
period in time when global mean sea level was above current levels (Masson-Delmotte et al.,
2013; Stirling et al., 1998). Proxy data suggests ~1°C of warming during this time with some
caveats (Otto-Bliesner et al., 2013). Overall temperatures in the Antarctic were ~3 to 5°C
warmer than present (Coletti et al., 2014). Direct observations at the WGZ provide evidence
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that supports, though does not independently prove retreat during this interglacial. In situ
deposition of the radiolarian with the modern diatom assemblage provides the best, though still
imperfect evidence of MIS-5e retreat. The preservation of the radiolarian, and the modern
assemblage of diatoms that fill it suggests this microfossil clast was deposited very close to
source. Advection of this radiolarian can be ruled out, because this radiolarian is filled with mud.
Also, the radiolarian was also not subject to high subglacial shear strains, therefore, subglacial
transport can be effectively ruled out.
Currently the WISSARD science team are working on ways to date sediment cores to
address how old the unit these Plio-Pleistocene diatoms are found in, which would help put
constraints on which interglacial these diatoms represent. However, to date, Plio-Pleistocene
diatoms recovered from UpB, SLW, and KIS help support the younger source material in this
region. The radiolarian and other microclasts at WGZ are likely indicators of MIS-5e deposition,
because materials subject to multiple rounds of subglacial shearing (i.e. older interglacials)
would be highly fragmented.
MIS-11

MIS-11 is one of the longer interglacial periods at about 30 ky duration. Antarctic icecore records indicate temperatures that were ~2.6°C warmer than preindustrial level (Jouzel et
al., 2007). Sea level was thought to have increased by as much as 6-13 m relative to today during
MIS-11 high stands when factors such as Glacial Isostatic Adjustment (GIA) and dynamic
topography are considered (Raymo and Mitrovica, 2012). GIA is transfer of water mass between
ice sheets and the ocean between glacial and interglacial cycles, which influence the Earth’s
shape, gravity field and rotation, which affects relative sea level (Farrell and Clark, 1976).
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Diatom data are consistent with open marine conditions for the Ross Embayment during this
time. However, tighter constraints are needed before this evidence can be considered definitive.
MIS-31

Following the Pliocene, which experienced many advance and retreat episodes (Naish et
al., 2009). Evidence of Plio-Pleistocene marine sediment beneath the ice sheet in West
Antarctica supports post Pliocene disintegration of the West Antarctic ice sheet (Scherer, 1989;
1991; Chapter 3; 4). Rare Pleistocene aged diatoms have been found at UpB, SLW, and KIS,
providing direct evidence of collapse in the Pliocene and Pleistocene. One taxon defines a total
age range in the past 600,000 years, found at all of these sites is Thalassiosira antarctica. Other
evidence for Pleistocene collapse is the evidence of cosmogenic 10Be analyzed from UpB
samples containing Pleistocene aged diatoms (Scherer et al., 1998). Additionally, MIS-31 is the
only Pleistocene retreat event documented in the AND-1B cores presumably due to erosion
(Scherer et al., 2008; McKay et al., 2013). Sediments younger than this event are thick
diamictites with rare thin mudstone layers and no in situ diatoms. This unit was the only
Pleistocene interglacial deposit recovered, presumably because of poor recovery of intervals in
the upper 29 meters of sediment in AND-1B.
MIS-31 ice free conditions were also observed in cores from the Cape Roberts Project
(CRP-1) in lithostratigraphic unit 3.1 (Scherer et al., 2008). This unit has abundant diatoms but
consists of laminated calcareous sediments, including calcareous microfossils (Villa et al., 2012).
Lithostratigraphic unit 3.1 was dated using 40AR/39Ar, 87Sr/86Sr, diatom biostratigraphy and
paleomagnetic records (Scherer et al., 2008; Bohaty et al., 1998; Lavelle, 1998; Horng et al.,
2002). All data are consistent with ice free conditions at during this time interval. Therefore, it is
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very likely that diatom productivity events could be represented during this time interval as well
in the Ross Embayment.
Miocene open marine environments

Late Miocene evidence for reduced ice

As stated earlier subglacial and sub-ice shelf deposits previously analyzed in this region
demonstrated a history of Miocene productivity, split into at least three different broad events
(Figure 52). Upper Miocene source material is present in high abundances at UpB/WIS, and the
CIR. There is a minor presence from the upper Miocene in the RISP matrix. Additionally, RISP
sediment matrix and clasts revealed a few more productivity events in the lower and middle
Miocene material.
New analyses on KIS, SLW, WGZ and BIS sediments help constrain spatial distribution
of these source materials and also define productivity events from the Miocene (Figure 52),
which was previously observed in the region. KIS helps define the spatial extent of upper
Miocene source beds in the Ross Embayment further north in extent as UpB was the only
subglacial deposit previously to define this. SLW and WGZ continue this observation of upper
Miocene material, which is likely a result of cumulative subglacial shearing and transport. The
dominant upper Miocene signal throughout the Ross Embayment indicates the likelihood of
primary productivity during the latest Miocene and that this unit is quite extensive throughout the
Ross Embayment.
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Figure 52: Biostratigraphic age dates from Neogene deposition, which represent warm interglacials that
coincide with diatom total age ranges. Includes diatoms from UpB, SLW, WGZ, KIS, RISP, CIR, and
BIS.
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Middle and Lower Miocene evidence of reduced ice in WA

Middle and lower Miocene derived material makes up a minor component of SLW, CIR,
KIS and BIS, however, the lower portion of the WGZ sediments (Unit IV) contains material that
is very similar to RISP sediments. Additionally, the RISP sediment cores have lower and middle
Miocene derived diatomite clasts, suggesting a close proximity to lower and middle Miocene
source beds near RISP. This evidence was also used in these previous studies to define early and
mid-Miocene productivity events. SLW, KIS and BIS all have diatoms that could represent
lower and middle Miocene source material but the presence is in trace amounts. BIS material is
dominantly Paleogene but because we have to use total age ranges of diatoms, the last
occurrences of some taxa are consistent with lower to middle Miocene, however, this would
imply more stratigraphic mixing with Paleogene sediments than is otherwise indicated.
Lower and Middle Miocene proxy and modeling data

Recently a series of papers on the ANDRILL-2A (AND-2A) sediment cores, focused on
the early and mid-Miocene record looking at ice sheet sensitivity to CO2 variations (Shevenell,
2016; Levy et al., 2016; Gasson et al., 2016). Levy and others (2016), conclude from modeling
studies and the AND-2A record that early to mid-Miocene Antarctic climate and ice sheets were
highly variable. This is based on both direct observations from the AND-2A record and indirect
observations from global benthic foraminifera isotope and sea level data, which highlight the ice
sheet dynamics of the early to mid-Miocene. Ice sheet minima are associated with Peak Warm
(PW) periods. Early to middle Miocene, PW periods are split into 5 events by Levy and others,
(2016). These events span from about 20.1 Ma to 15.8 Ma and are observed in the AND-2A
record (Levy et al., 2016).
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Early Miocene ice sheet retreat in the Ross Embayment

Early Miocene events are found from direct observation of the AND-2A core at 20.1 Ma
(PW-1), 19.45 Ma (PW-2), 16.3-16.4 Ma (PW-3), and 16.05 Ma (PW-4), which is near the
transition from early to mid-Miocene. Passchier and others, (2011) noted an ice sheet minimum
event during the early Miocene from 20.1 to 19.6 Ma. PW-1 is the best representative time for
ice sheet minimum, which falls into the range of diatom ages noted in the RISP diatomite clasts
and matrix. Passchier et al., (2011) observed that the facies associated with PW-1 and PW-2
indicate dynamic glacial conditions. Additionally, Levey and others, (2016) suggest that the
stratified diamictite and mudstone facies indicate a grounding line south of the modern position.
The dynamic glacial conditions in the sediments from the Western Ross Sea are
comparable to the records from the Ross Embayment. RISP and WGZ sediments indicate a
diatom productivity event from about 21 Ma to 18 Ma (Figure 52). Though the RISP record is
mixed the diatomite clasts and matrix, the WGZ sediments are only matrix and microclasts.
Regardless these sediments indicate a warm period between 21 Ma and 18 Ma. When coupled
with the findings from the AND-2A core, these diatom events likely occurred during PW-1 and
PW-2 at about 20.1 and 19.45 Ma respectively.
Middle Miocene ice sheet retreat in the Ross Embayment

Middle Miocene PW periods PW-4 and PW-5 represent conditions that indicate ice sheet
retreat. Of the two PW periods, PW-4 is likely the best representative of the warm conditions
associated with a reduced ice sheet. About 16 ma (PW-4) there is a decrease in 18O, an increase
in bottom water temperature (Shevenell et al., 2008), and a sea level rise of about 10 to 20m
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(Miller et al., 1991). Additionally, a suite of proxy data suggest higher than modern CO2 values
(>500ppm) during this warm interval (Greenop et al., 2014; Kurschner et al., 2008).
Middle Miocene ice sheet retreat to the Ross Embayment is also observed at RISP, CIR,
and WGZ. Focusing specifically on diatomite clasts from RISP, there is a convergence of age
ranges around 14.5 to 16 Ma (Figure 52). These data help constrain the absence of the ice sheet
as evidenced in the RISP, CIR, and WGZ sediments. As a result there is a clearer view of past
conditions throughout the Miocene from these observational studies comparing conditions
observed from ANDRILL and Ross Embayment sediments.
Relation to modeling data

Gasson and others, (2016) produced models working from the AND-2A records to look
at the ice sheet history through the Early and Middle Miocene. This study comments on the lack
of understanding of the paleotopography of the WA and how knowing more information would
improve model boundary conditions. Evidence of the importance of this understanding is noticed
in the model runs from this study. Gasson and others, (2016) used two scenarios: one involved
the use of present day bedrock topography and the other, which involves a linear interpolation of
the bedrock paleotopography proposed by Wilson and others, (2009; 2012). They note that the
paleotopography affects ice sheet stability. While the geographic extent of lower Miocene
material is small it can be used to define boundaries that existed during the early Miocene. The
model that uses the linear interpolation of the Wilson and others (2009; 2012) configuration
seems reasonable, given the location of lower Miocene deposits in the Ross Embayment.
However, more data are necessary to put tighter constraints on these models.
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CHAPTER 8

DISCUSSOIN: PALEOGENE PALEOENVIRONMENTS OF THE WEST ANTARCTIC

INTERIOR

Most deposits from the Ross Embayment and Western Ross Sea are primarily Neogene in
age with a few Paleogene deposits in Antarctica such as boreholes that recovered Upper Eocene
and Oligocene strata (Anderson et al., 2012; Barron and Mahood, 1993; Harwood and Bohaty,
2001; Warny and Askin, 2011a; 2011b; Wilson et al., 1998), rare outcops (Askin, 1997; Francis
et al., 2009) and glacially recycled erratic boulders deposited near McMurdo Sound (Harwood
and Bohaty, 2000; Stilwell and Feldman, 2000). Subglacial deposits such as BIS (Lower and
Upper Eocene) have diatom assemblages that are primarily Paleogene marine diatoms, whereas,
SLW, KIS, UpB, and WGZ (some Oligocene) all have some minor components from this time.
Deposits such as BIS provide a deeper time basin history for the West Antarctica Basin.
Additionally, terrestrial deposits such as lake diatomite microclasts at UpB and a unique lake
taxa from both SLW and UpB, add to terrestrial WA basin history. Observations of both
terrestrial and marine paleoenvironments are important especially at these sites as they provide a
snapshot of conditions in the Ross Embayment before, during, and after the Eocene/Oligocene
transition.
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The Eocene/Oligocene transition was an important event in global climate development,
which is characterized by global cooling and the initiation of continental scale ice sheets in the
Antarctic. These events led to changes in biological communities that existed on land and in the
ocean. During this transition terrestrial diversity declined (Francis et al., 2009; Warny and Askin,
2011b; Anderson, 2012), there were changes in hydrology (Griener et al., 2013) and as a result of
changing ocean circulation and temperatures, the once dominant dinoflagellate and coccolith
dominated phytoplankton communities gave way to a diatom based ecosystem (Falkowski et al.,
2004; Katz et al., 2004; Finkel et al., 2005).
Recently there has been a push to better understand the paleotopography of Antarctica to
better understand the role of climate and ice sheet development. Modeling studies such as the
one by Wilson and others (2012), modeled the paleotopography of the Eocene/Oligocene
boundary by incorporating ice sheet-erosion models, thermal subsidence models, and plate
movement, to form a maximum and minimum topography for the Eocene/Oligocene boundary.
The study found that the minimum and maximum numbers for land area in Antarctica above sea
level ranged from 12.4*106 above modern sea level and 13.0*106 above modern sea level. These
observations have important implications for the development of the West Antarctic Ice Sheet,
however, current model inputs have their limits, highlighting the importance of observational
studies like those done in the Ross Embayment, which provide constraints and boundary
conditions for these models.
Additionally, this study looks to understand the glaciological and geological settings
responsible for the occurrence of an exclusively Paleogene microfossil assemblage observed at
the BIS. The WIS and BIS have very similar ice stream velocities, and the current topography is
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similar for the sampled ice streams in the Ross Embayment, yet the assemblage found at BIS is
significantly older. The only difference observed between these two active ice streams was the
motion that accounts for till deformation. Using a tethered stake scientists measured that 80% of
the motion from BIS is inferred from till deformation, which is 3.2 times more deformation from
motion than WIS (Kamb, 2001). Till deformation from motion could reveal differences observed
in sediment cores.
Providing observational constraints to these paleotopography models will provide an
assessment of the best model based on microfossil analyses and fossil distribution. Better models
will aid in the understanding of the Eocene/Oligocene transition, not only for the modelers but
for an understanding of Eocene paleoceanography using marine diatoms and other microfossils
observed at these sites.
Paleogene paleoenvironments

WIS

SLW and UpB both contain some distinct microfossils that provide insights into the
Paleogene history in West Antarctica. The discovery of Stephanodiscus (Mesodicyon?) sp. A in
both UpB and SLW suggests that terrestrial lakes likely existed in the region during the Eocene.
This was established by the occurrence of freshwater diatomite clasts composed of Aulacoseira
italic var. A, that Stephanodiscus (Mesodicyon?) sp. A at UpB (Scherer, 1991). These diatoms
are known only from UpB and SLW, which are separated by ~220km. These non-marine
diatoms are very rare in SLW, but their occurrence from SLW, but their occurrence indicates that
material was transported from UpB to SLW.
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Scherer (1991) found an assemblage of late Paleogene calcareous nannofossils during
his UpB study. Calcareous nannofossils, specifically coccoliths are some of the best
biostratigraphic tools for developing age models and therefore the Early Oligocene and potential
Late Eocene age defined by this assemblage, which also provides paleoenvironmental data for
this region. Having nannofossil ooze in UpB sediments is an indicator of a warm seaway across
the WA interior during the latest Eocene, perhaps into the Oligocene (Scherer, 1991).
Marine diatoms from the Paleogene are rare but consistently present at UpB, SLW, and
WGZ. Taxa such as Pyxilla reticulata and Pseudotriceratium radiosoreticulatum are present
representing marine conditions that likely existed 35 to 28 million years ago based primarily on
the total age range Pseudotriceratium radiosoreticulatum (Figure 53), an age and environment,
consistent with the calcareous nannofossils.
WGZ also has some diatom taxa that were found in the BIS and RISP, all of which have
total age ranges before and after the Eocene/Oligocene boundary. Aulacodiscus brownei was
found in WGZ unit IV along with Hemiaulus polymorphus, Pterotheca aculeifera, Pyxilla
reticulata, and Rocella spp. (Figure 54). These taxa have combined age rages from early and late
Oligocene, with a potential for some older Eocene deposition from taxa like Pterotheca (Figure
53).
KIS
Marine diatoms from KIS are dominantly Late Miocene in age. The oldest taxa from
this ice stream that could represent Paleogene deposition are Hemiaulus polymorphus, and
Pyxilla reticulata. These taxa make up a very minor component of the sediments and only appear
on the shear margin of the KIS. Using total age ranges of these two marine diatoms suggests that
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Figure 53: Biostratigraphic age dates from Paleogene deposition; specifically from BIS, RISP, KIS, SLW,
and WIS.
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the shear margin is starting to mix in older material, however, the concentrations from this time
are trace. While the concurrent ages for the two taxa are likely Oligocene to Early Miocene.
BIS

BIS is one of the only deposits to date that has a high abundance and dominance of
Paleogene diatoms in the region. Marine diatoms from this region indicate two productivity
events. Trinacria simulacrum, Triceratium favus var. quadrata, and Pterotheca aculeifera help
define the first productivity event in the Early Eocene at ~56 Ma to 48 Ma (Figure 54). The
second potential productivity event is represented by Pterotheca aculeifera, Pyxilla reticulata,
Rocella praentida, and Rocella vigilans in the Early to Late Oligocene ~31 Ma to 25 Ma (Figure
54). Though these sediments are glacially mixed and there are some caveats that exist with these
studies, these events indicate relatively warm periods in Antarctica’s marine basin history.
West Antarctic Paleogene paleoceanography and paleoclimate

The Paleogene experienced a highly variable climate, ranging from intense warm events
of the Late Paleocene and Early Eocene to the increasing cooling of the Late Oligocene. The
Early Eocene was one of the warmest times of the Cenozoic with deep ocean temperatures at
about 14 ± 3°C according to some reconstructions using the benthic stack (Cramer et al., 2011).
Following Early Eocene warmth, a cooling trend extended to the end of the Eocene, resulting in
deep ocean temperatures around 6 ± 2°C (Cramer et al., 2011), and eventually leading to the
expansion of Antarctic ice sheets in the Early Oligocene (Zachos et al., 2001; 2008).
Eocene history related to diatom work is difficult because the record of diatoms from this
time period is fragmented, stratigraphically discontinuous, and there is poor geographic coverage
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of sampling sites (Barron et al., 2015). Barron and others (2015) studied this fragmentary record
and found four global diatom depositional events. Focusing on intervals that are similar to total
age ranges present from subglacial deposits in West Antarctica will aid in interpretations of how
the region reflects global paleoceanographic events.
Diatom deposition event 1 from Barron and others (2015) study, occurred approximately
49 Ma, near the start of long term cooling that followed the Early Eocene Climatic Optimum.
Diatom data from BIS indicate there was diatom deposition during the interval from 56 to 48
Ma. During this time period epicontinental regions such as the North Sea and central Russia saw
a decline in biogenic silica accumulation, whereas there was an inception of diatom deposition in
the central Arctic (Barron et al., 2015). This event given the total age range of the diatom
Trinacria simulacrum suggests that Antarctica may have experienced a similar inception of
diatom deposition as a result of the start of this long term cooling trend. Additionally, during this
time there were abundant Antarctic endemic dinocysts along the Wilkes Land margin (Bijl et al.,
2013). The study by Bijl and others (2013), suggests that the Tasmanian Gateway opened about
52 to 50 Ma, which lead to the onset of the Antarctic Counter Current (ACC). This event had a
significant role in the development of water masses and advection currents during this time (Bigl
et al., 2009; Huber and Caballero, 2011). Cooling and potential for ice sheet development after
the PETM could result in increased nutrient transport to epicontinental sea/seaways, which are
likely representative of the deposits found at BIS.
BIS: Antarctic tectonic history or ice sheet processes?

As stated previously, the BIS is distinct from all of the previous subglacial and sub-ice
shelf deposits in this region because these deposits do not include a dominant Miocene aged

123

component. The youngest representative diatom from this sample has a first appearance datum
(FAD) in the Oligocene and a last appearance datum (LAD) in the middle Miocene. There are
two potential mechanisms for older material at this site, (1) Subglacial sediment from upper
Miocene could have been frozen into the basal ice and transported to the continental shelf or ice
shelf. (2) This area may have experienced deeper erosion with respect to other ice streams in this
region resulting in an older age for marine diatoms. Additionally, tectonic and/or isostatic uplift
may have played a significant role in the occurrence of this age distribution, so ice stream and
tectonic mechanisms are explored together.
If basal freeze on of upper Miocene sediments is the primary mechanism for older
assemblages, then preservation of diatoms and current and past rates of freeze on are important
for characterizing this process. The discovery of well-preserved Pliocene and Pleistocene marine
diatoms in some subglacial deposits suggests that material experienced little subglacial shearing.
The freeze on and basal melting of younger material in WIS, KIS, and SLW results in the rare
deposition of younger diatoms in specific sites. KIS is an area that has recently experienced a
large amount of basal-freeze on and these processes likely happened at the WIS, when WIS shut
down (Engelhardt, 2004). This process could likely explain the high concentrations of late
Miocene aged marine diatoms in the deformable till layer and why the only encountered younger
material has been from core top samples (Scherer et al., 1998; KIS chapter this thesis). This
process is likely similar at BIS because similar to KIS there is currently basal freeze-on in this
area (Engelhardt, 2004), which is could be freezing on upper Miocene sediments and leaving
Oligocene and older sediments in the deformable till in this region. However, this may be the
current process, as some studies suggest higher geothermal heat gradients in this area, which
would likely reduce basal freeze on.
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Deeper erosion into older sediments in this area is another potential mechanism.
However, while all ice streams sediments were not collected at exactly the same time and depth,
the topographic profile between each drill site is very similar for WIS, KIS, SLW and BIS
(Figure 54). Samples from the WIS had some Paleogene (presumed Eocene) aged lake
diatomites as well as some Eocene calcareous nannofossil oozes which are the best
biostratigraphic indicators. However, the dominant component of WIS is late Miocene in age
marine diatoms with a lesser Pleistocene component (Scherer, 1991; Scherer et al., 1998).
The apparent absence of Miocene diatoms suggests that the BIS likely had materials
younger than the Oligocene but deeper erosion into the sediments below this ice stream has
removed this material and likely deposited it towards the continental shelf (present day edge of
the Ross Ice Shelf). Tests were run on both the WIS and BIS to analyze the amount of
deformation that was a result of ice motion using a tethered stake experiment. The data from this
study suggests that sediments from BIS undergo 80% deformation as a result of ice motion in
this area (Kamb, 2001). This information coupled with the observations of basal freeze-on in this
region (Engelhardt, 2004), which results in higher basal drag, which leads to subglacial shearing,
are consistent with observations expected from deeper erosion into underlying sediments.
The active tectonic history in this region could also explain differences observed at each
site. BIS is the closest ice stream to the Marie Byrd Land region. This region has a high potential
for uplift as a result of the Marie Byrd Land Hot Spot. Winberry and Anandakrishnan, (2004)
reported crustal thickness changes between Marie Byrd Land Dome and more interior deposits in
the West Antarctic Rift System. The thinner crust observed at BIS and regions north of this
deposit (Winberry and Anandakrishnan, 2004), could represent past uplift for BIS. KIS and WIS
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Figure 54: Profiles of BIS to WIS (UpB) (purple), WIS (UpB) to SLW (blue), and KIS 96 to the KIS
sticky spot. Figure map and profiles were made using GeoMapApp and a combination of MODIS and
BEDMAP data.
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have thicker crust associated in their respective regions than observed at BIS (Winberry and
Anandakrishnan, 2004), so deeper erosion as a result of tectonic uplift and more sediment-ice
interaction at BIS could explain the occurrence of older source beds. Additional work by Wilson
and Luyendyk (2006) who studied ice penetrating radar help solidify this interpretation.
Although they were only seeking to explain the mechanisms for the development of plateaus and
terraces in the region, a comparison of their findings with past rebound models (Denton et al.,
1991; James and Ivins, 1998) and interpreted subsidence in the region helps build a more
complete view of the influence of tectonics in this region.
More evidence for this is seen in the pollen from this area. The palynomorphs from BIS
are shown to be thermally activated (a darker color that develops when samples are heated up),
which suggests the area has or had a strong temperature profile at this site (personal
communication: Sophie Warny). Dr. Warny has also analyzed sediments from KIS and WIS and
has not seen the thermal maturity seen in BIS samples indicating less geothermal heating over
time (Sophie Warny unpublished data). These data support the potential for a past or present hot
spot as part of the West Antarctic Rift System near Marie Byrd Land (Behrendt et al., 1994;
Weaver et al., 1994). Understanding the effect of subglacial volcanism was addressed in a study
by Behrendt, (1992) and Blankenship and others (1993) whose main hypothesis was that
subglacial volcanism could have some effect on the basal thermal regime, which could result in
increased melting. While the microfossils can’t definitively say if there was increased meltwater
produced as a result of subglacial volcanism, it is important to consider the effects, especially
considering the tectonic processes likely contributing to differences between BIS and the rest of
the Ross Embayment.
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Eocene modeled reconstructions and diatom data

In the previous sections we discussed the biostratigraphic, modern glacial processes, and
tectonic history of the West Antarctic using marine diatoms primarily. This next section looks to
take these observational data sets and apply what we know to past models to illustrate how
tighter constraints now exist for previous models. The primary focus of this section will be
testing the hypothesis Wilson and others (2012), model suggests with their Eocene/Oligocene
boundary paleotopography.
The Wilson and others (2012) reconstructions of Antarctic geography near the
Eocene/Oligocene boundary are helpful for interpreting past ice/climate interactions when
Antarctica’s topography was much different than that of todays. Their analysis incorporates data
regarding ice sheet behavior, glacial erosion, and tectonics to develop a model that likely
represents the topography of Antarctica during the Eocene-Oligocene transition. Their relatively
simple model combines the listed processes to propose a paleotopography of West Antarctica at
the Eocene-Oligocene boundary.
Although Wilson and others (2012) are careful in their selection of parameters for these
reconstructions, the consideration of microfossil data help define areas above and below sea level
for these reconstructions. Instead of defining error bars on their maps they produced minimum
(Figure 55) and maximum (Figure 56) topographic reconstructions which they indicate would be
better for predicting climate and ice sheet interactions than using present topography as other
modeling studies have tried (DeConto and Pollard, 2003; DeConto et al., 2007, 2008).
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Figure 55: Minimum Eocene-Oligocene reconstruction map after Wilson and others (2012). This was
made using GeoMapApp.
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Figure 56: Maximum Eocene-Oligocene reconstruction map after Wilson and others (2012). Thesis site
locations indicated by black dots on map. This was made using GeoMapApp.
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Wilson and others (2012) state that these are attempts at reconstructions and likely not the
true representation. However, incorporating microfossil data from this thesis confirm the basic
interpretations of this study and can help refine these models. Calcareous nannofossil and marine
diatoms from UpB suggested an interior sea way (Scherer, 1991), additionally, BIS marine
diatoms from the Early Eocene support an Early Eocene interior seaway. This model also helps
confirm the transport mechanisms for the lake diatom from UpB that is found in SLW. Lake
diatomites likely formed in a large lake near or upstream from the UpB sampling site with
subglacial or englacial transport of these robust diatoms to SLW. Additionally, there are more
data from pollen and spores which suggest Eocene terrestrial conditions were present in the West
Antarctic interior near KIS, UpB, and SLW (personal communication, Sophie Warny). No data
exists for WGZ and the pollen data from BIS suggests an older assemblage (potentially
Cretaceous in age), therefore terrestrial data from BIS is not discussed. Further palynology
studies are underway (Warny personal communication).
Based on data from the BIS the best model run is more consistent with the minimum
estimation. BIS has representative marine diatoms from the Late Eocene, which indicate
sediments from the model may be displaced a little more to accommodate for microfossil data.
Regardless, Wilson’s model/hypothesis for paleotopography are consistent with microfossils
from the Ross Embayment. Furthermore, it is acknowledged that sea level varied significantly
throughout the Paleogene. As more drilling expeditions recover Paleogene sediments from the
Antarctic, a more complete picture will be established. This study highlights the value of,
collaboration between geologists, modelers, and glaciologists.
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CHAPTER 9

DISCUSSION: DIATOM FRAGMENT ABUNDANCE AND MODERN SUBGLACIAL

PROCESSES

The focus now shifts to using the ages identified above of each deposit and the
quantitative diatom fragment abundances to develop an insights into modern subglacial
properties. Cumulative shearing and transport should be evident in the reduction of fragment
abundances as a result of cumulative shearing and transport. Additionally, connections between
sites and source beds should be evident in the similarity of the taxa/age distribution at each site.
Diatom fragment abundances are also to be used to compare different subglacial environments
such as SLW (subglacial lake), WGZ (grounding zone), KIS (stagnant ice stream), and BIS and
UpB (active ice stream).
Connection between sites on the Whillans Ice Stream (WIS)

One of the main purposes of this study was to characterize microfossils from SLW, and
WGZ to see how these new sites relate to the UpB drilling sites from the 80’s and 90’s. This will
help create a multiple site characterization at the WIS in three different subglacial environments.
Understanding these similarities and differences will help develop the use of diatoms for
understanding provenance of marine deposits under the ice sheet. Additionally, fragment
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abundances add insight into the transport of diatoms underneath the ice sheet and subglacial
regime.
Like UpB and CIR, SLW and WGZ have a dominant marine signal from Upper Miocene
source rocks. WGZ shows stratigraphic variability and exhibits a more RISP-like assemblage
down core. Though it is not the dominant signal, an Upper Miocene component was observed in
RISP matrix deposits. This suggests an extensive Upper Miocene deposit that exists in this
region. The preservation of Late Miocene age diatoms at SLW and WGZ in comparison to UpB
suggests increased abrasion or subglacial shearing in SLW and WGZ, but is this a result of
transport?
Strobel and Faure (1987) found that clasts in the Laurentide Ice Sheet transported at the
base ice only lasted about 20 miles. So when thinking about transporting a diatom 220 km it is
hard to imagine anything remaining after these processes. Diatom valves can withstand high
direct pressure (up to 560 N mm−2 (Hamm et al., 2003)). These pressures are much higher than
those observed under the WAIS and in lab experiments therefore, depending on basal conditions
between the two sites there is potential for identifiable fragments surviving 200 km of transport.
Another possibility is the erosion into a local source of this expansive Upper Miocene unit that
encompasses WIS and seemingly the Ross Ice Shelf. An expansive Upper Miocene unit was
observed between these sites and others in the Siple Coast so both mechanisms are possible. Lab
analyses simulating long distance transport could provide useful input into transport
mechanisms.
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UpB to SLW

Another line of evidence that connects SLW and UpB sites is the identification of a
unique lake taxon, Stephanodiscus (Mesodictyon?) sp. A) from WIS, in SLW sediments. The
presence of this lake taxon in both samples suggests that these deposits either share a similar
source or there could be extensive lakes in deposits in close proximity to UpB and SLW. UpB
would have a closer proximity as diatomite clasts of fresh water diatoms were found at UpB
(Scherer, 1991). The robust nature of the unique lake diatom could suggest cumulative shearing
and transport between sites as it exists in high concentrations upstream (only in a few samples
from the center of the ice stream and not closer to the margin (personal communication, Reed
Scherer)) but is limited to trace findings in the SLW deposits. Therefore, if the composition of
source rocks is similar at both UpB and SLW there should be similar composition of diatoms at
each site.
Additionally, Pliocene and Pleistocene aged diatoms are present but very rare and
fragmented and at varying depths in SLW. UpB has a few samples that contained well preserved
Pliocene and Pleistocene diatoms, but the concentrations were low and only from a few core top
samples (Scherer et al., 1998). Long-distance glacial transport of weakly silicified young taxa,
such as Pliocene and Pleistocene aged diatoms, may imply englacial or basal rather than
subglacial transport (Scherer et al., 2004; 2005). Well preserved microfossils in UpB core water
samples were likely a result of melting out basal debris for those rare samples. These would
reflect basal freezing on Pleistocene interglacial deposits that accumulated during WAIS retreat
events. The potential for basal melting of ice in SLW is consistent with very rare and poorly
preserved diatoms that exist in trace amounts down core.
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Diatom fragment abundances down core for SLW vary and are in millions of fragments
per gram, which is comparable to active ice stream deposits. This is consistent with samples
from UpB, at least samples that did not have well preserved Pleistocene diatoms. Differences
between sites are preservation of the age specific taxa. This suggests increased sediment ice
interactions that would break down all diatom frustules that are not heavily silicified. This
difference could suggest a connection of these deposits from cumulative subglacial shearing and
transport. As expected, a decrease in age specific taxa as sediments are moved downstream was
observed in SLW. Younger taxa are expected to fragment and break down faster than other taxa
in these sediments as observed in laboratory studies (Scherer, et al., 2004; 2005). At WIS there
were 9% whole frustules in these sediments with good preservation (Scherer, 1991). SLW has
1% fragments that have been defined as Pliocene/Pleistocene from these sediments (Figure 13).
This observation paired with the increase in concentration of long ranging robust diatoms as
sediments are potentially transported from UpB to SLW provide a potential indicator for
taphonomic changes as a result of long distance transport (Figure 57).
Modern processes or past glacial regime

SLW is part of the Whillans Ice Plain (WIP) which is an area that has low pressures
compared to its WIS (Bindschadler et al., 1987). WIP is also an area where there is a significant
amount of water that can exist between the base of the ice and the sediments (Fricker et al., 2007;
Fricker and Scambos, 2009; Christianson et al., 2012; Sergienko et al., 2011). Additionally, high
geothermal heat fluxes measured at SLW suggest the potential for an increase in the creation of
meltwater and discharge, which as a result could influence these systems (Fischer et al., 2015).
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Figure 57: Map of WIS comparing UpB and SLW microfossil age distributions. Made using BEDMAP
and MODIS satellite imagery in GeoMapApp. Focus is on UpB and SLW sites for comparison. Pie charts
colors are associated legend at the bottom of the map. Map colors are BEDMAP elevations this key is
seen in the upper left hand corner. Pie charts are relative abundances of marine diatoms from specified
drill sites.

SLW has a relatively high concentration of long ranging diatom taxa. It also contains as
highly fragmented late Miocene and younger diatom representative taxa. With at least a meter
thick water column depending on the stage of filling in or empting of the water from the lake
(Fricker et al., 2007; Fricker and Scambos, 2009; Christianson et al., 2012), the highly
fragmented diatoms and concentration of long ranging taxa are likely not representing modern
processes. With a water column present, disturbed sediments and fine particles such as diatoms
could be suspended and transported in this water column until emptying events which would lead
to the preservation of high concentrations of diatoms in the upper few centimeters of sediment.
These materials also have the potential to be transported out of the system as the lake empties
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depending on how turbid the water is, however, a study by Hodson and others (2016) shows very
little sediment is transported in this basal water column.
There is a potential for the base of the ice to interact with the top of the sediment column
during periods of time that the lake was completely drained. This interaction leads to erosion and
deformation of sediments. The expected result would be a decrease in fragment abundances after
these shearing/erosion episodes. The observed result at SLW for fragment abundances, could be
revealing multiple grounding events that deposited sediments from the flank into the lake basin.
Given the cyclical nature of these lakes filling and emptying produce a similar variable trend
seen in fragment abundance down core data (Figure 7). However, the number of times this has
happened could be skewed and there are many factors that could change the abundances
addressed earlier.
SLW to WGZ

Although UpB to SLW has a strong correlation with the similar Upper Miocene source
rocks and the unique lake diatom, SLW to WGZ is only share some similarities but there is a
distinct difference between upstream sites like UpB and SLW and the WGZ (Figure 58; 59).
There is a distinct similarity between with the rainout unit (Unit I) and the upstream deposits
with a dominant upper Miocene component. In Unit II the assemblage switches to long ranging
taxa and a high fragment abundances. This unit is interpreted to be subglacial, and the high
fragment abundances are likely a result of breaking these long ranging taxa into multiple
fragments. Unit III of WGZ has lower than average fragment abundances, however, the presence
of Plio-Pleistocene diatoms suggests in situ deposition of these young microfossils, or the
preservation of these younger fossils could indicate englacial transport. The Upper Miocene
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component is greatly reduced around 67cm down core of the WGZ cores, which is likely a result
of a change in source or increased degradation of younger microfossils concentrating this unit in
Oligocene to Middle Miocene and long ranging taxa. Additionally, diatom fragment abundances
at WGZ increase an order of magnitude for Unit IV-A to IVB (~67-72cm down core). Overall,
besides the small interval of increase for these units, WGZ diatom fragment abundances are on
average lower than those observed at UpB and SLW.
KIS

KIS shut down in the past 150 years (Anandakrishnan et al., 2002; Whillans et al, 1987;
2001) but there is a unique signature observed as a result of the sampling around the SS feature
in the ice stream. Diatom preservation and fragment abundances at these sites are comparable to,
CIR, and Central Ross Sea deposits such as Pennell Bank all of which represent slow moving ice
that are likely a result of a pinning point. These sites are characterized by high relative
abundances and low stratigraphic mixing (Sjunneskog and Scherer, 2005). Studying the SS from
KIS allows for a comparison of how shear strains change on different points of the SS.
Diatom fragments from KIS exhibit a range of over three orders of magnitude in
abundance. The sample that was directly on the subglacial SS (downstream sample 3) had some
of the lowest concentrations (millions of fragments per gram) suggesting the highest amount of
basal drag on the sediments from this location. These samples also exhibited the poorest
preservation, as only genus level identification was possible on small (3-4 µm) fragments.
Samples on the shear margin (upstream 13 and downstream 4) have an order of magnitude larger
diatom fragment abundance (ten million fragments per gram) and the introduction of Oligocene
to Middle Miocene diatoms (Figure 60; 61), which suggests a decrease in basal drag on the shear
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Figure 58: Map of WIS from UpB to WGZ comparing microfossil age distribution with long ranging taxa
included. This map was made using BEDMAP and MODIS satellite imagery (Made using GeoMapApp)
and diatom abundance data. Focus is on UpB, SLW, and WGZ sites for a WIS comparison. Pie charts
colors are associated legend at the bottom of the map. Map colors are BEDMAP elevations this key is
seen on the left hand side of the map. Pie charts are relative abundances of marine diatoms from specified
drill sites.
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Figure 59: Map of WIS from UpB to WGZ comparing microfossil age distribution without long ranging
taxa. This map was made using BEDMAP and MODIS satellite imagery (Made using GeoMapApp) and
diatom abundance data. Focus is on UpB, SLW, and WGZ sites for a WIS comparison. Pie charts colors
are associated legend at the bottom of the map. Map colors are BEDMAP elevations this key is seen on
the left hand side of the map. Pie charts are relative abundances of marine diatoms from specified drill
sites.
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margin of the sticky spot. Though diatoms are fragmented, moderate to good preservation of
diatom frustules present helped characterize the Upper Miocene source for materials collected
near the KIS SS. Finally, the best preservation of diatoms in the region was from 2 samples
(upstream 6 and 10) which had an order of magnitude increase in fragment abundances from
shear margin deposits (100 million fragments per gram). There was also the best preservation of
diatomite clasts and Plio-Pleistocene diatoms in these deposits. The preservation and dominance
of Upper Miocene taxa suggests the potential for these deposits to be locally eroding into marine
Miocene source rocks.
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Figure 60: KIS map to compare cumulative abundance of age specific taxa (including long ranging taxa)
for all KIS sampling. Locations are indicated by the black dots. Arrows point from core locations to the
pie charts and core numbers they are associated with. Legend for the pie chart is located at the bottom of
the figure. Colors associated with elevation in the upper left hand corner of the map, and the distance
scale is on the lower left hand corner of the map. Abbreviations for map features are North Ice Stream
Branch (NISB), Shear Margin (SM), and South Ice Stream Branch (SISB). Map was made using data
from BEDMAP and MODIS images (Using GeoMapApp).
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Figure 61: KIS map to compare cumulative abundance of age specific taxa (excluding long ranging taxa)
for all KIS sampling. Locations are indicated by the black dots. Arrows point from core locations to the
pie charts and core numbers they are associated with. Legend for the pie chart is located at the bottom of
the figure. Colors associated with elevation in the upper left hand corner of the map, and the distance
scale is on the lower left hand corner of the map. Abbreviations for map features are North Ice Stream
Branch (NISB), Shear Margin (SM),and South Ice Stream Branch (SISB). Map was made using data from
BEDMAP and MODIS images (Using GeoMapApp).
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CHAPTER 10

CONCLUSIONS

This thesis is a continuation of work in the Southern Ross embayment to better
understand the uses of diatoms as tracers in subglacial sediments. Diatoms have proven to be
useful tracers of provenance with changes in age specific taxa between sites. Basin history of
West Antarctica is represented from the Paleogene to the late Pleistocene. There is a marine
Upper Miocene sedimentary unit that extends from KIS to the WIS (UpB, SLW, and WGZ) all
the way out to CIR and is a minor component of RISP. BIS is represented by Paleogene aged
taxa and has important implications for tectonic history or glacial erosion. Pliocene and
Pleistocene deposits are rare but have important implications for ice dynamics in a region that
has little data. Though this data set is limited and fragmented there is definitive evidence of at
least three WAIS collapses in the past 5 million years. Mapping this heterogeneity between sites
helps interpret the ice sheet history in this region.
Diatom fragmentation counts are also useful tracers of sediment ice interactions, which
help understand modern ice sheet processes with the distribution of subglacial shear at different
sites. SLW represents UpB in a number of ways but on average SLW fragment abundances are
lower than UpB suggesting the potential for cumulative shearing and transport of material from
UpB to SLW without introduction of sedimentary components from other strata. This means that
even after 220 km of transport distance diatoms can be used to trace subglacial transport and
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erosion. WGZ has similarities to SLW and UpB but it shows stratigraphic variability and
suggests changes in source and/or fluctuations of the grounding zone. KIS has low fragment
abundances on the subglacial sticky spot, however increasing distance from the sticky spot
towards the ice stream bed reveals an increase in fragment abundance. This suggests that more
interaction at the sediment-ice interface results in subglacial shearing, which reduces diatom
abundances, and less sediment-ice interaction results in better preservation (at least for subglacial
deposits). BIS has similar fragment abundances as UpB and SLW samples, suggesting low
concentrations for active ice stream environments. All these data will help characterize new
deposits with future drilling and aid in the understanding of ice sheet processes and paleo-ice
stream deposits.
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Table 9: Table of GPS Locations for the Sites Studied for this Thesis.

Locations
WIS UpB
SLW camp
WGZ camp
KIS96 core 13
KIS96 core 6
KIS96 core 10
KIS00 core 4 SM
KIS00 core 3 SS
BIS

Latitude
-83.45
-84.24166667

Longitude
-137.76
-153.7316667

-84.33523333

-163.61445

-82.446
-82.399
-82.493
-82.4325
-82.3666666
-81.067

-135.959
-135.47
-135.962
-136.402222
-136.4
-140.005
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Table 10: Table of Diatoms and Other Siliceous Microfossils Studied for this Thesis and Previously Studied Sites for Comparison.
This thesis
Diatoms
Actinocyclus fryxellae Baldauf and Barron, 1991
Actinocyclus ingens Rattray, 1890
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus sp. A, Baldauf and Barron, 1991
Actinocyclus spp.
Actioncyclus actionchilus, Simonsen, 1982
Acinocyclus sp. Cf. A. actinochilus " early form"
Actinoptychus senarius, Ehrenberg, 1983
Asteromphalus hookerii Ehrenberg, 1844
Asteromphalus parvulus Karsten, 1905
Asteromphalus symmetricus Schrader and Fenner, 1972
Aulacodiscus brownei Boyer, 1927, 76
Biddulphia spp.
Cocconeis spp.
Coscinodiscus spp.
Coscinodiscus asteromphalus Ehrenberg, 1844
Denticulopsis macollumii (McCollum) Simonsen, 1979
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Denticulopsis lauta (Bailey) Simonsen, 1979
Denticulopsis maccollumi McCollum, 1975 (Geronde and Burckle, 1990)
Eucampia antarctica Castracane, 1886
Fragilariopsis aurica (Geronde) Gersonde and Barcena

Other studies

SLW KIS BIS WGZ RISP UpB CIR
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

X

X

X

X

X
X
X
X

X
X

X
X
X

X

X
X
(continued on the following page)
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162

(Table 10 continued)
This thesis
Diatoms
Fragilariopsis cylindrus (Grunow, 1883)
Fragilariopsis donahuensis (Schrader)
Fragilariopsis 162bliquicosta (O’Meara) Hasle, 1972
Fragilariopsis grossepunctata Schrader, 1976
Fragilariopsis 162bliquicostata (Van Heurck) Hasle, 1972
Fragilariopsis praecurta Gesonde, 1990
Fragilariopsis ritscheri (Hustedt) Hasle, 1972
Fragilariopsis sublinearis (Van Heurck) Hasle, 1972
Fragilariopsis spp.
Grammatophora spp. Ehrenberg, 1840
Hemiaulus polycistornum Ehrenberg, 1840
Hemiaulus polymorphus Grunow, Homann, 1991
Hemiaulus spp.
Nitzschia sp. 17 Schrader, 1976
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Paralia sulcata “oval form” (Ehrenberg) Palermer, 1984
Porosira pseudodenticulata (Hustedt) Jouse (Kozlova, 1962)
Proboscia spp.
Psedotriceratium radiosoreticulatum (Grunow) Fenner
Pseudopodosira westii W. Smith, 1856
Pterotheca aculeifera Grunow, 1880, Forti 1909
Pyxilla reticulata Grove and Sturt 1887
Raphid marylandicus Christian

Other studies

SLW KIS BIS WGZ RISP UpB CIR
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X

X
X

X
X

X
(continued on the following page)
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163

(Table 10 continued)
This thesis
Diatoms
Rhizosolenia spp.
Rocella praenitida Schrader and Fenner (Kim and Barron, 1986)
Rocella vigilans Gombos and Ciesielski 1983 (Fenner, 1984)
Rouxia californica (Peragallo)
Skeletonema utriculosa Brun; Sims, 1994
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Stellarima stellaris (Roper) Hasle and Sims, 1986
Stephanodiscus? (Mesodictyon?) sp. A Scherer, 1991
Stephanopyxis grunowii Grove and Strut; Harwood, 1989
Stephanopyxis spp.
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)
Synedropsis creanii Olney, 2006
Thalassionema spp.
Thalassiosira antarctica Comber, 1986
Thalassiosira fraga Schrader (Schrader and Fenner, 1976)
Thalassiosira gersondei Baldauf and Barron, 1991
Thalassiosira gracilis var. expecta (Van Landingham) Fryxell and Hasle,
1977
Thalassiosira lentiginosa (Janisch) Fryxell, 1977
Thalassiosira mahoodii (Barron)
Thalassionema nizschiodes (Grunow) Peragallo, 1921
Thalassiosira oliverana (O'Meara) Makarova and Nikolaev, 1984
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Thalassiosira ritscheri (Hustedt) Hasle, 1968

SLW
X

KIS
X

BIS

Other studies
WGZ RISP UpB
X

CIR

X
X
X
X

X
X

X
X

X
X

X
X
X

X
X
X

X
X

X
X
X

X
X

X
X

X

X
X

X
X
X
X
X

X
X
X
X

X
X

X
X
X
X
X
X
X

X
X
X

X
X

X

X
X

X
X
X
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164

(Table 10 continued)
This thesis

Other studies

Diatoms
Thalassiosira striata var. "offcenter" sensu Harwood and Maruyama, 1992
Thalassiosira torokina Brady, 1977
Thalassiosira trifulta Fryxell (Fryxell and Hasle, 1979)
Thalassiothrix spp.
Triceratium crenulatum Grove and Strut 1887, (Stearn, 1973)
Triceratium favus var. quadrata Grunow, 1885
Trinacria excavata Heiberg, 1863
Trinacria simulacram Grove and Strut, 1887
Xanthiopyxis spp. Ehrenberg

SLW KIS BIS WGZ RISP UpB CIR
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Ebridians
Ammonodochium sp.
Ammonodochium rectagulare
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Pseudammodochium lingii Bohaty and Harwood, 2000
Parathranium sp.

SLW KIS BIS WGZ RISP UpB CIR
X
X
X
X
X
X
X

Silicoflagellates
Dictyocha defladrei Frenguelli, 1940 (Glezer, 1966)
Distephanus speculum speculum (Ehrenberg) Haeckel,1887
Silicoflagellate fragments

SLW KIS BIS WGZ RISP UpB CIR
X
X
X
X
X
X
X
X
X
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SLW DIATOM FRAGMENT ABUNDANCE DATA
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Table 11: Diatom and Other Siliceous Microfossil Group Fragment Counts from SLW-MC1B.
Sample Name
SLW-1-MC1B-22.5cmC
SLW-MC1B- 2.53cmE
SLW-MC1B 4.55cmA
SLW-MC1B-77.5cmA
SLW-MC1B-99.5cmA
SLW-MC1B-1010.5cmA
SLW-MC1B12.5-13.0cmA
SLW-MC1B12.5-13cmB
SLW-MC1B16.5-17cmA
SLW-MC1B-2020.5cmA
SLW-MC1B20.5-21cmA
SLW-MC1B20.5-21cmB
SLW-MC1B23.5-24cmB
SLW-MC1B23.5-24cmA
SLW-MC1B25.5-26cmA
SLW-MC1B28.5-29cmA
SLW-MC1B28.5-29cmB
SLW-MC1B33.5-34cmA
SLW-MC1B39.5-40cmA

Mass dry grams

Diatom
fragments/gram

Sponge
spicules/gram

Other Siliceous
Microfossils/gram

0.052

7.02E+06

7.09E+04

0.00E+00

0.061

7.56E+06

6.05E+04

1.25E+04

0.055

7.94E+06

0.00E+00

0.00E+00

0.0494

2.84E+06

1.99E+05

0.00E+00

0.0515

2.52E+06

1.43E+05

0.00E+00

0.0498

1.10E+06

2.47E+05

0.00E+00

0.059

5.42E+06

4.17E+04

0.00E+00

0.059

6.59E+06

0.00E+00

0.00E+00

0.0497

2.69E+06

2.97E+05

0.00E+00

0.0498

4.37E+06

1.98E+05

0.00E+00

0.0494

4.45E+06

2.49E+04

0.00E+00

0.0494

6.73E+06

1.99E+05

1.25E+04

0.0495

6.05E+06

1.74E+05

1.25E+04

0.0495

4.00E+06

2.73E+05

0.00E+00

0.0511

5.35E+06

1.68E+05

0.00E+00

0.0493

3.32E+06

2.00E+05

0.00E+00

0.0493

3.19E+06

9.98E+04

0.00E+00

0.0519

2.66E+06

1.66E+05

0.00E+00

0.0505

2.87E+06

2.43E+04

0.00E+00
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Table 12: Diatom and Other Siliceous Microfossil Group Fragment Counts from SLW-MC3A.
Sample Name
SLW-MC3A-03cmA1
SLW-MC3A-03cmA
SLW-MC3A16.5-20cmA
SLW-MC3A16.5-20cmB

Mass dry grams

Diatom
fragments/gram

Sponge
spicules/gram

Other Siliceous
Microfossils/gram

0.0492

1.23E+07

7.50E+04

0.00E+00

0.0503

5.20E+06

2.20E+05

2.73E+02

0.0501

5.99E+06

2.95E+05

4.10E+02

0.0501

5.99E+06

2.95E+05

1.25E+04

Table 13: Diatom and Other Siliceous Microfossil Group Fragment Counts from SLW-PEC1.
Sample Name
SLW-PEC1-13cmC
SLW-PEC1-3540cmA
SLW-PEC1-3540cmD

Mass dry grams

Diatom
fragments/gram

Sponge
spicules/gram

Other Siliceous
Microfossils/gram

0.0552

1.61E+07

3.34E+05

1.64E+02

0.0491

1.41E+07

0.00E+00

0.00E+00

0.0546

1.15E+07

6.76E+04

8.20E+02

Table 14: Diatom and Other Siliceous Microfossil Group Fragment Counts from SLW-PC1.
Sample Name
SLW-PC1-1517cmD
SLW-PC1-3941cmA
SLW-PC172.5cmA
SLW-PC180cmA1

Mass dry grams

Diatom
fragments/gram

Sponge
spicules/gram

Other Siliceous
Microfossils/gram

0.0497

3.30E+06

3.22E+05

0.00E+00

0.0494

3.99E+06

2.49E+05

0.00E+00

0.0528

6.85E+06

1.63E+05

1.25E+04

0.0500

7.75E+06

2.46E+04

0.00E+00
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Table 15: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-MC3A-0-3cm.
SLW-MC3A-0-3cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
6
3
3
0.5
0.5
1
4
1
3
0
0
0
0
1
0
0
0
0
0
0
0
0
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Table 16: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-M1B-2-3cm.
SLW-MC1B-2-3cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
18
7
8
0
0.5
13
1
4
5
1
1
11
1
4
0
0
0
0
0
0
1
0
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Table 17: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-M3A-8-15cm.
SLW-MC3A-8-15cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris

Totals
6
3
3
0
0
0
1
1
1
0
0
1
0
3
1
0
0
0
0
0
0
0
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Table 18: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-M1B-10-11cm.
SLW-MC1B-10-11cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
12
0
8
0.5
0
0
2
1
2
0
0
2
0
2
1
1
0.5
1
0
0
0
0
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Table 20: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-M3A-16.5-20cm.
SLW-MC3A-16.5-20cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
16
4
1
0.5
1
5
6
0
5
0
0
0
0
3
0
0
0
3
1
0
0
0
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Table 20: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-MC1B-20-21cm.
SLW-MC1B-20-21cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
13
1
3
0
0
1
2
3
2
1
0
0
0
4
0
0
0
0
0
1
2
0

175
Table 21: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-M1B-25-26cm.
SLW-MC1B-25-26cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
4
0
0
0.5
0.5
1
5
0
0
3
0
0
0
0
1
0
0
1
0
1
0
0
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Table 22: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-M1B-32-34cm.
SLW-MC1B-32-34cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
2
3
3
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1

177
Table 23: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-PEC1-35-40cm.
SLW-PEC1-35-40cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
19
1
0
0
0.5
4
1
1
0
0
0
0
0
1
3
0
0
0
0
0
0
0
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Table 24: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-M1B-39.5-40cm.
SLW-MC1B-39.5-40cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
26
7
5
0.5
0
20
8
0
12
0
0
14
0
0
1
1
0.5
0
0
0
0
0
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Table 25: Diatom and Other Siliceous Microfossil Group Qualitative Counts from SLW-PC1-80cm.
SLW-PC1-80cm
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis delicata Yangisawa and Akiba, 1990
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Actinocyclus Spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Pyxilla reticulata Grove and Sturt 1887
Stephanopyxis spp.
Rhizosolenia spp.
Ebridian
Thalassiosira spp.
Trinacria spp.
Radiolarian fragments
Chaetoceras spore
Silicoflagellate
Fragilariopsis spp.
Coscinodiscus spp.
Incertae sedis
Trinacria excavata Heiberg, 1863
Eucampia antarctica Castracane, 1886
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)

Totals
8
1
2
1.5
1.5
5
1
1
0
0
0
0
0
4
1
0
0
1
0
0
1
0
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Table 26: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-MC5A-1-3cm.
WGZ-MC5A-1-3cmgreaterthan10umB
Genus/species
Actinocyclus octonarius, Hustedt, 1930
Paralia spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Stephanopyxis spp.
Thalassiosira torokina Brady, 1977
Thalassiosira spp.
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Chrysophyte cyst
Silicoflagellate
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Eucampia antarctica Castracane, 1886

Total
23
1
2
13
5
1
8
1
1
2
2

Table 27: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-MC5A-2425cm.
WGZ-MC5A-24-25cmgreaterthan10umB
Genus/species
Actinocyclus octonarius, Hustedt, 1930
Paralia spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Stephanopyxis spp.
Thalassiosira torokina Brady, 1977
Thalassiosira spp.
Stellarima microtrias
Chrysophyte cyst
Silicoflagellate
Pseudammodochium lingii Bohaty and Harwood, 2000
Eucampia antarctica Castracane, 1886
Hemiaulus polymorphus Grunow, Homann, 1991
Rhizosolenia spp.
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Fragilariopsis cylindrus (Grunow, 1883)
Diatomite microclast1
Fragilariopsis kerguelensis (O'Meara) Hasle, 1972
Thalassiothrix spp.
Hemiaulus spp.
Actinoptychus senarius, Ehrenberg, 1983
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992

Total
3
0
4
41
0
1
3
0
1
5
0
3
1
2
2
1
3
4
1
1
2

182
Table 28: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC1-1-4cm.
WGZ-GC1-4cmgreaterthan10umA
Genus/species
Actinocyclus octonarius, Hustedt, 1930
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Stephanopyxis spp.
Coscinodiscus spp.
Proboscia spp.
Pyxilla reticulata Grove and Sturt 1887
Eucampia antarctica Castracane, 1886
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Thalassiosira torokina Brady, 1977
Hemiaulus polymorphus Grunow, Homann, 1991
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Rhizosolenia spp.
Thalassiosira sp.
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Actinocyclus ingens Rattray, 1890
Thalassiothrix spp.
Pseudammodochium lingii Bohaty and Harwood, 2000

Total
60
20
44
1
1
2
7
11
4
2
2
1
9
2
5
3
1
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Table 29: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC1-24cm.
WGZ-GC1-24cmgreaterthan10umA
Genus/species
Chrysophyte cyst
Stephanopyxis spp.
Rhizosolenia spp.
Radiolarian fragment
Actinocyclus spp.
Eucampia antarctica Castracane, 1886
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Pyxilla reticulata Grove and Sturt 1887
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Coscinodiscus spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Denticulopsis simonsenii
Thalassionema spp.
Hemiaulus polymorphus Grunow, Homann, 1991
Stephanopyxis sp F
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Parathranium sp.
Stephanopyxis Spore sp A
Psedotriceratium radiosoreticulatum (Grunow) Fenner
Skeletonema utriculosa Brun; Sims, 1994
Asteromphalus symmetricus Schrader and Fenner, 1972
Hemiaulus spp.

Total
12
86
2
1
8
1
6
5
9
2
8
1
2
3
3
2
2
1
1
4
1
1

Table 30: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC1-33cm.
WGZ-GC1-33cmgreaterthan10umB
Genus/species
Hemiaulus polycistornum Ehrenberg, 1840
Diatomite microclast
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Hemiaulus spp.
incertae sedis
Stephanopyxis spp.
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Coscinodiscus spp.
Thalassiosira torokina Brady, 1977
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Actinocyclus spp.
Ammonodochium rectagulare
Pyxilla reticulata Grove and Sturt 1887
Fragilariopsis spp.
Porosira pseudodenticulata (Hustedt) Jouse (Kozlova, 1962)

Total
2
3
7
1
1
25
2
3
2
1
1
1
1
1
1
1
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Table 31: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC1-40cm.
WGZ-GC1-40cmgreaterthan10umA
Genus/species
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Chrysophyte cyst
Stephanopyxis spp.
Actinocyclus spp.
Pterotheca spp.
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Distephanus speculum speculum (Ehrenberg) Haeckel,1887
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986

Total
2
1
10
9
1
1
1
1
1

Table 32: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC1-51-52cm.
WGZ-GC1-51-52cmgreaterthan10umA
Genus/species
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Stephanopyxis spp.
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
incertae sedis
Actinoptychus senarius, Ehrenberg, 1983
Pyxilla reticulata Grove and Sturt 1887
Actinocyclus octonarius, Hustedt, 1930
Biddulphia spp.

Total
8
55
5
14
2
1
3
3
1

Table 33: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC1-63-64cm.
WGZ-GC1-63-64cmgreaterthan10umA
Genus/species
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Stephanopyxis spp.
Ammonodochium sp.
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Hemiaulus polymorphus Grunow, Homann, 1991
Rocella spp.
Actinocyclus spp.
Stephanopyxis spp.
Hemiaulus spp.
Eucampia antarctica Castracane, 1886
Silicoflagellate
Hemiaulus polycistornum Ehrenberg, 1840
Trinacria excavata Heiberg, 1863

Total
29
138
2
9
6
4
1
1
1
2
1
3
4
1
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Table 34: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC1-67-68cm.
WGZ-GC1-67-68cmgreaterthan10umA
Genus/species
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Stephanopyxis spp.
Pseudotriceratium radiosoreticulatum (Grunow) Fenner
Hemiaulus spp.
Hemiaulus polymorphus Grunow, Homann, 1991
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)
Coscinodiscus spp.
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Actinocyclus spp.
Ammonodochium rectagulare
Silicoflagellate
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Pterotheca spp.
Aulacodiscus brownei Boyer, 1927, 76
Skeletonema utriculosa Brun; Sims, 1994

Total
27
129
13
18
45
17
1
1
21
1
4
3
24
1
4
3

Table 35: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC1-75-76cm.
WGZ-GC1-75-76cmgreaterthan10umB
Genus/species
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Stephanopyxis spp.
Denticulopsis spp.
Actinocyclus octonarius
Silicoflagellate
Trinacria excavata Heiberg, 1863
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Xanthiopyxis spp. Ehrenberg
Chrysophyte cyst
Actinoptychus senarius, Ehrenberg, 1983
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Ammonodochium rectagulare
Pterotheca aculeifera Grunow, 1880, Forti 1909
Hemiaulus polymorphus Grunow, Homann, 1991
Hemiaulus spp.
Chrysophyte cyst spiked

Total
9
11
40
1
5
1
1
4
3
1
1
1
1
1
1
1
1
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Table 36: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC1-85-86cm.
WGZ-GC1-85-86cmgreaterthan10umB
Genus/species
Pterotheca aculeifera Grunow, 1880, Forti 1909
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Stephanopyxis spp.
Xanthiopyxis spp. Ehrenberg
Silicoflagellate
Chrysophyte 4 spikes
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis spp.
Ammonodochium sp.
Hemiaulus spp.
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Stephanopyxis spp. with spiked margin
Hemiaulus polymorphus Grunow, Homann, 1991

Total
1
9
83
4
1
1
10
1
1
1
1
1
2

Table 37: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC4-10-14cm.
WGZ-GC4-10-14cmgreaterthan10umA
Genus/species
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Stephanopyxis spp.
Stephanopyxis sp. B
Crysophyte cyst spike
Proboscia spp.
Actinocyclus octonarius, Hustedt, 1930
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Hemiaulus polymorphus Grunow, Homann, 1991
Eucampia antarctica Castracane, 1886
Fragilariopsis kergulensis (O'Meara) Hasle, 1972
Thalassiosira lentiginosa (Janisch) Fryxell, 1977

Total
6
2
22
2
2
1
2
1
1
1
2
1
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Table 38: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC4-45-47cm.
(Dark refers the dark layer that was observed when this unit was sampled).
WGZ-GC4-45-47cmDarkgreaterthan10umB
Genus/species
Xanthiopyxis spp. Ehrenberg
Stephanopyxis sp. B
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)
Stephanopyxis sp. F(Harwood) I21
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Incertae sedis
Trinacria sp.
Proboscia spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Rhizosolenia spp.
Coscinodiscus spp.
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Cocconeis spp.
Hemiaulus polymorphus Grunow, Homann, 1991
Hemiaulus spp.
Eucampia antarctica Castracane, 1886
Grammatophora spp. Ehrenberg, 1840
Actinocyclus octonarius, Hustedt, 1930
Pterotheca aculeifera Grunow, 1880, Forti 1909

Total
6
99
52
1
36
13
8
1
4
1
8
1
6
2
1
1
3
5
2
1
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Table 39: Diatom and Other Siliceous Microfossil Group Qualitative Counts from WGZ-GC4-47-49cm.
(Light refers to the light layer that was observed when this unit was sampled).
WGZ-GC4-47-49cmLightgreaterthan10umB
Genus/species
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Stephanopyxis spp.
Hemiaulus polymorphus Grunow, Homann, 1991
Stephanopyxis sp. B
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Pseudammodochium sp. Cf. P. dictyoides of Ling, 1983
Hemiaulus polycistornum Ehrenberg, 1840
Silicoflagellates
Xanthiopyxis spp. Ehrenberg
Hemiaulus spp.
Pseudammodochium lingii Bohaty and Harwood, 2000
Actinoptychus senarius, Ehrenberg, 1983
Stephanopyxis turris (Greville and Arnott) Ralfs group (Pritchard, 1861)
Actinocyclus octonarius, Hustedt, 1930
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Denticulopsis spp.
Ammonodochium sp.
Psedotriceratium radiosoreticulatum (Grunow) Fenner

Total
7
1
47
67
15
13
15
9
3
6
5
6
1
1
2
1
1
15
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Table 40: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-96-10-1-5A
(Samples Sieved at 25 Microns).
UpStream KIS-96-10-1-5A 25 microns
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Rhizosolenia spp.
Eucampia antarctica Castracane, 1886
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Actinocyclus fryxellae Baldauf and Barron, 1991
Denticulopsis delicata Yangisawa and Akiba, 1990
Thalassiosira antarctica Comber, 1986
Coscinodiscus spp.

Totals
192
16
8.5
46
4
1
2
4.5
2
0
13
1
10

Table 41: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-96-10-1-5A
(Samples Sieved at 10 Microns).
UpStream KIS-96-10-1-5A 10 microns
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Rhizosolenia spp.
Eucampia antarctica Castracane, 1886
Coscinodiscus spp.
Fragilariopsis spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Thalassiosira antarctica Comber, 1986
Denticulopsis delicata Yangisawa and Akiba, 1990

Totals
144
13.5
7
35
0
10
3
1
44
1.5
0
17
24
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Table 42: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-96-6-1-5A
(Samples Sieved at 25 Microns).
UpStream KIS-96-6-1-5A 25 microns
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Rhizosolenia spp.
Eucampia antarctica Castracane, 1886
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Actinocyclus fryxellae Baldauf and Barron, 1991
Trinacria excavata Heiberg, 1863
Coscinodiscus spp.
Thalassiosira antarctica Comber, 1986
Denticulopsis delicata Yangisawa and Akiba, 1990
Thalassiosira oliverana (O'Meara) Makarova and Nikolaev, 1984

Totals
169
2
0
24
13
2
2
19.5
0
20
2
39
2
0.5
2

Table 43: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-96-6-1-5A
(Samples Sieved at 10 Microns).
UpStream KIS-96-6-1-5A 10 microns
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Thalassiosira torokina Brady, 1977
Eucampia antarctica Castracane, 1886
Rhizosolenia spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Coscinodiscus spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Thalassiosira antarctica Comber, 1986
Fragilariopsis spp.
Denticulopsis delicata Yangisawa and Akiba, 1990

Totals
154
1.5
0
54
2
0
1
9.5
1
4
62
0
8
1
2
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Table 44: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-96-13-1-1
(Samples Sieved at 25 Microns).
UpStream KIS-96-13-1-1 25 microns
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Rhizosolenia spp.
Eucampia antarctica Castracane, 1886
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Actinocyclus fryxellae Baldauf and Barron, 1991
Trinacria excavata Heiberg, 1863
Coscinodiscus spp.
Pyxilla reticulata Grove and Sturt 1887
Thalassiosira antarctica Comber, 1986
Denticulopsis delicata Yangisawa and Akiba, 1990

Totals
184
2
0
24
7
2
4
2
3
46
0
20
1
0
1

Table 45: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-96-13-1-1
(Samples Sieved at 10 Microns).
UpStream KIS-96-13-1-1 10 microns
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Rhizosolenia spp.
Eucampia antarctica Castracane, 1886
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Actinocyclus fryxellae Baldauf and Barron, 1991
Trinacria excavata Heiberg, 1863
Silico need to ID
Cosconodiscus sp
Pyxilla reticulata Grove and Sturt 1887
Thalassiosira antarctica Comber, 1986
Denticulopsis delicata Yangisawa and Akiba, 1990

Totals
180
1
0
78
1
0
0.5
0
0
0
0
0
33
0
2
1

193
Table 46: Diatom and Other Siliceous Microfossil Group Qualitative counts from KIS-96-10-1 Core
Water (Coal) (Samples Sieved at 25 Microns).
UpStream KIS-96-10-1 core water coal 25 microns
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Rhizosolenia spp.
Eucampia antarctica Castracane, 1886
Coscinodiscus spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Thalassiosira antarctica Comber, 1986
Actinocyclus fryxellae Baldauf and Barron, 1991
Denticulopsis delicata Yangisawa and Akiba, 1990

Totals
162
0
0
103
2
0
0
1
24
0
1
2
5

Table 47: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-96-10-1 Core
Water (Coal) (Samples Sieved at 10 Microns).
UpStream KIS-96-10-1 core water coal 10 microns
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Eucampia antarctica Castracane, 1886
Coscinodiscus spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Thalassiosira antarctica Comber, 1986
Fragilariopsis spp.
Denticulopsis delicata Yangisawa and Akiba, 1990

Totals
165
4
1
66
0
0
3
43
0
4
1
13.5
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Table 44: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-00-4-1-2a
(Samples Sieved at 25 Microns).
DownStream KIS-00-4-1-2a 25 microns combined
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Rhizosolenia spp.
Thalassiosira antarctica Comber, 1986
Eucampia antarctica Castracane, 1886
Coscinodiscus spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Thalassiosira spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Fragilariopsis spp.
Pyxilla reticulata Grove and Sturt 1887
Denticulopsis delicata Yangisawa and Akiba, 1990
Trinacria excavata Heiberg, 1863

Totals
152
2
0
50
13
0
0
0
4.5
51
0
0
21
0
0
0.5
2

Table 49: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-00-4-1-2a
(Samples Sieved at 10 Microns).
DownStream KIS-00-4-1-2a 10 microns combined
Genus/species
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Denticulopsis simonsenii (Simonsen and Kanaya) Siomsen, 1979
Synedropsis creanii Olney, 2006
Actinocyclus octonarius, Hustedt, 1930
Actinocyclus ingens Rattray, 1890
Thalassiosira oliverana var. sparsa Harwood and Maruyama, 1992
Rhizosolenia spp.
Thalassiosira antarctica Comber, 1986
Eucampia antarctica Castracane, 1886
Coscinodiscus spp.
Paralia sulcata (Ehrenberg) Cleve (Hustedt, 1930)
Thalassiosira spp.
Actinocyclus fryxellae Baldauf and Barron, 1991
Fragilariopsis spp.
Pyxilla reticulata Grove and Sturt 1887
Denticulopsis delicata Yangisawa and Akiba, 1990
Trinacria excavata Heiberg, 1863

Totals
153
0.5
0
81
0
2
0
0
0
58
1
0
0
0
1
1
1
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Table 50: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-00-3-1-0a
(Samples Sieved at 25 Microns).
DownStream KIS-00-3-1-0a 25um
Genus/species
UnID
Stephanopyxis spp.
Actinocyclus spp.
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986

Totals
60
80
10
100

Table 51: Diatom and Other Siliceous Microfossil Group Qualitative Counts from KIS-00-3-1-0a
(Samples Sieved at 10 Microns).
DownStream KIS-00-3-1-0a 10um
Genus/species
UnID taxa
Stellarima microtrias (Ehrenberg) Hasle and Sims, 1986
Stephanopyxis spp.
Actinocyclus spp.

Totals
35
35
3
2

